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PREFACE 


The art and science of moulding is one of the corner 
ston<‘S upon which the i;difice of engineering rests. This 
litlle volume is an aUenipt to place before those who 
are not intimately acquainted with the interior of a 
moulding sho]) some idea of the material and appliances 
used, together with the methods of manufacture and 
the principles underlying t'lc whole. Nothing beyond 
a genetal siicvey of a subject so vast could be attempted, 
and ver\- much interesting detail has of necessity been 
oiiii; ted in the endeavour to give an outline, of a business 
which touches life at so many points. 

The autnor wishes to acknowledge his indebtedness 
o previous workers, and gratefully aclcnowledges the 
asstsiance he has received from Messrs. Lommiuir and 
McWulianis’ “ General Foundry Practice ” ; Mr. W. H. 
Haitield’s " Cast Iron in the Light of Recent Research ” ; 
Mr. E. L. I’hcaifs ' Principles and Practices of Iron- 
foimdin;; Prof. Turner’' “ Lectures on Ironfounding 
Anderson’s " Strength ol Materials ” ; and the Journals 
of the Iron anu Steel Inst., and the Inst, of British 
Foundrymen. .Acknowledgment is also made of the 
kindness I'f The Campbell Gas Engine Co., Ltd., Messrs. 
Geo. Green Cp., Messrs. Vaughan & Co., Messrs The 
Britannia Foundry Co., Ltd., Messrs. The Blackfriars 
Ftiiindry Requisite & Equipment Co., Ltd., and Mr. 
|. Horner, in supplying material for the ilhistration 
of this work. 
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CHAI'TEK 1 

IIIMOKKAL 

L\ |)'fill'll I mi' af;i's intii laadr lii-> tculii and wcapoii', ol 
sMiii , UMialh’flint. Tlie^rat irst weir run,chipped 
iiitd diapi', but a^ time went on tliev were gradn.illv 
impin'ed bem.i; made in i^'reater \arietv and ol better 
^liaiie, fill in tlie latter ]iart ot that eia ' hev were botli 
liiehh' finished and polished. Towaid the end of the 
Stone Age, Mime great unknown diM iA'i'i er ( ommeneed 
a new era bv introdueing the making of eojiper imple- 
n ents. probatily at first b\' hammering the eop|.,er out 
ol the ore. As time jiro.gressed, the art of midting 
Copper and tin was disc aired, and bronze tools sujier- 
seded.tlie impl inenrs ot stone, until in tlie latter veais 
of the Bronze .Age artieles I’ere made ol a eomposition 
almost identical with that ol the .gun-metal of the 
present time. During the latter bronze period, pio- 
bably at some tii*ie anteredent to the time ol written 
history, the use of iron was diseoveied. 

It is pos.ible tliiU tlie first iron used was meteoric, 
benig pieces liroken trom iiieteoiites and hammered 
into thape. In a paper read befure the Iron and Steel 
Institute in September, 1916, liv Mr. G. F. Glimmer, he 
discussed the pnibabilit\ of this, and stated that the 
Eskimos of j\'orth America iiossessed knives made of 
small pieces of iron probably obtained in this way, and 
1 
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filled into lioiie oi wooden liandles, iiiid fliat Iribc-^ (j 1 
Indians in Soiitli Aineiica li])|X'd tlieir arrows With 
similai nialerial, while at tlie same lime Ihe inueh more 
hij^hlv-eivilized A/.tees ol (’.eiitral America weie sull m 
tile Bronze Af;e, and their weapons and utensils at the 
time of tlieir conquesi by the Spaniaids were made ol 
lironze, tliev having no kiiowledy'e cd liie mamifai'tlire 
ol iron. 

When the use ol iron was introduced can only be 
conjectured, and in what manner and iiiidei what 
conditions the discoxerv ol the jxnver to obtain it 
horn the ore w.is made is absohitelv unknown. The 
first mention ol the rise of iron is m tlu‘ Bible, where 
Tubal Cam is ineiilioiied as “ an instiiutor olexiTV 
artifuer in brass and iron.” At this jxiiod, the ait ol 
Working ill iron must ha\’e been fairly widesjrread, and 
Inrther lefeiences in the Si ripliires and otln-r ancient 
writings ])ro\e the aiitiijmtv of the nidiistrv. 

Tor long H'lituries, the process of the reduction of 
the metal Irom the oie must hare been on the same 
lines as in later days were piactised Iw the natives 
of Central Africa and India, whenfby the use of char¬ 
coal and a blowpipe of some kind, the ore was reduced, 
the slag run aw'ay, and the spongy metallic mass re¬ 
maining was beaten into form as a piece ol wrought 
iron. It must be borne in mind that Jhe power to melt 
the metal had not yet bei-n discovered, and that tin.' 
tirst, and for many centuries the oijly, workers in iron 
wer<‘ the smiths. So that they might obtain the 
draught necessary to^ jiroduce the requisite heart to 
reduce their ore, thi' ancient smelters sometimes took 
adrantage of natural draughts and built their furnaces 
on windy liillsidi's and glens. The invention of mechani¬ 
cal means of producing draught in the forni bellows, 
water-blowers, and the like, was followed in due eo*irse 
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bv an inrrcaM in llio mzc dI tlic anci 'Ut siiicllinH iiii- 
iiai I*, and tlu-n- In ])i(ibabiht\, iiwiiig td tho 

imicasint; ti'inpcraturcs wliidi ((julfl l)c obtained liy 
tile use (it tiiese nnsliaiiRal lilowers, tliat east iron liad 
be*n aeeideiitallt iiroduced, and it i-. aKo vert likely 
tli.il liavnig been produced, it was thrown away as 
iiM-less, its hard and biittle nature lendernif; it unlit 
tor the pnr|ioses ol the smith. 

'riie middle ol the lointeeiith cent in v app. ars to be 
about the time wlun last iron was first produced as 
such in England, tlioiiyh it i', staled that it had been 
known almost a ceiiturf ea.liei. bo lai as can be 
ascertained it seems to ha\e luen Used ])niiei[)ally in 
the mamit.ict’.ire oi eannon, and the ttrowth in size of 
tlii'M- impilemciits ol warfare led to the i oiistiuction ol 
still Layer fiirnaces .ind the i onse(|uent (le\ e!o|)nienl ot 
till' blast liuaace. Kail\ in I he si\leenlll century last 
iroii cannon ol larye size—up to ten thousand iiounds 
I W'l yht—.cere being made in England, and the 
mdiistiw wa- being lurgeh' developed in and aiound 
Sussex. As tile \ah'e ol the material bei anie more 
widelii' known and*]irobably also ,is beds of ore were 
discovered in various places, furnaies were stalled in 
othei parts oi the country, and iron cannon weie ex¬ 
ported to the ('oiuineiit. The piosperity of the indils- 
tiy in this country s'lon bioiight the smelter into 
diilieiilties. In tl'e course of years the increasing 
amount ol chaieoal required for the use ot the smelting 
fuiiiaei . was (arising the rajiid destnictioii ol tiie 
fore lb ill dilfei 'iii parts ol England, and so, in the 
early years ot the sex'enteeiith century, an Act of I’ar- 
lianieiit was passi-d restricting the (titling ol liees loi 
the making ol eiiarcoal for iron smelting to the forests 
of Sussex'and the adjoining districts, and there limiting 
th(| size 'll the wood which could be utilized, which 
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restriction e'eiy piejudu uillv ullected the fjiowing 
industry. Die it on smelters ol tlie Contiiumt, provided 
witli an almost inexhaustible suppiv of fuel m their 
enormous forests, still c oiitiiiiied their iiietliod of iiiaiiii- 
factnre bv the use of eliaico.d loi a \'erv lolif; peri»id. 
But the Eiitthsh smellers, dineii either to discover 
some new liiel loi their industrv or else allow it to 
perish, expeliiiieiiled with coal which was then coiiiinf,' 
into use. and Dud Diidlev in liiiydaiid and Sir (leoifte 
Hay in Scotland jiiodiiced non liom the ore by means 
ol coal. Raw coal l)ein,n by no means a perfect substi¬ 
tute for charcoal, Diidlev e.xperimented tor some tune 
on the lines ol obtainiii.i.; from coal a substaiiii more 
resembling charcoal, but a senes ol untoward exents 
fed to the abandonment ol the project, and loi ovei a 
eeliturv little progress seems to have been made, and 
it W'as not till nearly the middle of the eighteenth cen¬ 
tury, when Abraham Darbv sUecessliilK’ m.inulai 1 iired 
I oke, that the iiidiisiry took anottiei' step hirward. 
When steam had hi'en harnessed, it was applied to the 
production ol blast lor I he liiinaces, wlm h aiiaiigeiiieiit 
was hist made near tin' end of theVigliteeiith century, 
and the increased blast allowed of the building ol larger 
furnaces with (onsei]ueiit iiiireased iirodiution. The 
use ol the hot blast nitroduied by Xeilson m Ihe Ihiid 
deiade of the iiineleeiilh ceiiliirv ^'iit foiward the 
jiroductioii hv lea])s and bounds. The increased pro¬ 
duct lo.i and coiise(|uenl cheajieiiiii^ ol Ihe iiiafeiial 
caused a great enlargeiiieilt in the miiubel of ilsesto 
which cast iron could Jie applied and foundries s^irang 
up ill all pifits III the i ouiitry, till now there are coiii- 
jiaratively lew towns or even villages of any i oiisiderahle 
size that do not ])ossess a foundry. 

Botli tile Blast h'lirnace and the Cupola Itxve heen 
veyv slovvly evolved from tlie Stuckolen or liigh 
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P)l()umcr\, iiM'd in llic Ariddlc Age-' ior I lie mluctioti 
of Ui(.‘ iron ore, winch furnace in its turn had gradually 
d( veli'ped from the oiigmal lilowpijie furnace. But 
whereas in 'he old Imiiaces the temperature during the 
])i^icess ol leduuion was not sulln lentil high to melt 
the melal, hnt onh' lo I'ause it to become a spongy 
mass, wlinli being m i onsiant coiitait with the flames 
from tile tuel had most ol its carbon o.xidizetl out ot 
it leaving an aliiiod jmie mass of iron, with ;lie e.xcep- 
tion tli.it portions ol slag were mingled with it, certain 
deielopments and alteralions m the modern furnace 
'esiiit in the |iroducta)n ol a metal of ditferent eom- 
position and wuii totally distil,' I mechanical jiroperties. 
'11 k ‘s, de\'i lopmeiits mav be said to i (insist chiefly m 
the ■I'. ie toglit,-mechanic.ilizcd production of the blast, 
lesuU'iig in iiucli higher temperatures oeiiig attained, 

' aiismg the ■ nnplete fusion of the metal ; the e.xten- 
coii of the liii 11,11 e stack in an iijiwaid direction, allow- 
.11 'i a ' ontiruous piocess il leqiiired ; and the piMvision 
In a Well behiw the combustion zone in which the metal, 
in Itc" and containing m solution large quantities ol 
(■'irbon, may b" pr«iteci. ,l from the oxidizing iiilluence 
ol the Haines ny a laver ol molten slag. 

During nceiit viais the gieatesl advanees in foundry 
piacti'e lia\e lieen in the wa\' ol more economical 
melting of the iii'dal in the cupola ; in the improye- 
menfs in iiioiihfmg practice biought about bv the 
requireiiH nts of the machine and etigine-maker ; m 
tin liitn diictioii t!f machines for the making ol cores 
an ijOioulds , and i.. the increasingly improxed metal 
produeed, as the lesult of the* iiiyestiga^ons of the 
chemist and metallurgist into the composition of the 
metal and the ,.ieihanism ot the changes which take 
place witiiin it. 'I'liese iiiyestigatioiis are still in their 
infancy, but as the results obtained by investigators 
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in various parts of the world become known, the reasons 
for foundry practices which have become establi^ed 
as the result of long experience are discovered, and it 
may be confidently expected that as this knowledge 
becomes deepened and widened, constantly improvisg 
methods of working and increasingly better material 
will be the issue. 



CHAPTER II 

INTRODUCTORY 


The principles and practices involved in the production 
6f articles, variously formed and shaped, by filling 
properly shaped cavities or moulds with molten iron 
constitute what is known as iron-founding. In dealing 
with this question therefore it will be obvious that 
consideration will be required to be given to the metal 
of which the articles are made, to the furnaces which 
are required to reduce the metal to the molten condi¬ 
tion, to the principles involved and the materials and 
methods u.sed in the preparation of the moulds or 
cavities into which the metal has to be poured, to the 
manner in which the metal has to be handled, and to 
the various developments which have taken place in 
the industry. 

iVrtkles made of cast iron enter very largely into the 
life of every individual living in a civilized community. 
Irr-the home, firegrates, pans, baths, bedsteads, and other 
household utersils tire to a large extent made of this 


material, and in the workshop and factory, on .the 
farm, and in almost every sphere of labour, tools and 
implements are used which are either wholly or partly 
built up of this ^me material, cast iron; while when 
travel is undertaken, especially by the newer methods 
of motoring and flying, it often happens that portions 
' of the main parts of the mechanism, e.g. the cylinder 


andfiston of the engine, are larg^y or wholly composed 
of cast iron. * 


The amount of cast iron which is used in the British 


Isles reaches an enormous figure, and the number of 
tons of irAt used in the manufacture of cast iron during 
theiyear 1918 was upwards of one million. 


7 
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In a large percentage of castings produced even to¬ 
day the material is not required to possess any special 
physical properties or to fulfil any special requirements 
beyond that it shall sufficiently fill aU the interstices 
of intricate moulds, and that the castings shall be 
sound, free from all defects such as blowholes and 
shrinkage defects, shall have perfect surface finish, and 
be of proper dimensions ; e.g. pans, kettles, water-pipes, 
etc. 

In the remainder of the castings, which for the most 
part consist of those castings for internal combustion 
engines, and other engine and prime mover parts, there 
are usually other requirements to be considered and 
special physical properties to be obtained. It may be 
necessary for the cast iron to have a strength which is 
known to be greater than a predetermined minimum ; 
or it may be required to resist the high temperature 
and pressure conditions such as obtain in diesel engine 
cylinders. The introduction of the internal combustion 
engine, and especially of the lighter type of auto-car 
and aircraft engine, has possibly been instrumental in 
bringing about the tremepdous improvement in the 
general and physical properties of cast iron during 
recent years. These improvements extend beyond the 
actual metallurgical questions involved in the,quality 
of the material to the technique of melting, moulding, 
and foundry management. As an example of the 
improvement of cast iron from the,,metallurgical side, 
one need only compare the position to-day with that 
of a few years ago. Meriting in 1892 Sir John Anderson 
stated, " Tile average ultimate tenacity of ordinary 
cast iron is about 7 tons (per sq. in.) . . . The quality 
used for guns should have a tenacity of not less than 
10 tons per sq. in." About twenty-five year^later the 
requirement in the recent Air Board specifications ilor 
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castings used in the manufacture of aircraft cylinders, 
and other material required for aeroplane engine 
coastruction is 15 tons per sq. in. tensile strength. 

It is most necessary that a clear idea of the real 
meaning of the term cast iron should be obtained. 
All the varieties of metal known as steel, wrought iron 
and cast iron are produced from the iron ore, the differ¬ 
ence in their qualities being caused by the varying 
treatment that the metal undergoes in the course of its 
production. Tlie following table briefly illustrates the 
different processes through which iron passes from its 
initial production from the ore to each of the three 
commercial products previously mentioned. 


Iron Ore 

smelted in the Blast Furnace 
gives 
Pig Iron. 


Ih'ddled 

gives 

Wrought Iron. 


Remelted 
and cast direct 
into castings 
gives 

• Cast Iron. 


Oxidized or 
diluted so 
as to have a 
much lower 
carbon content 
than Cast Iron 
gives Steel. 


the iron occurs in combination and 


mixed with a variety of substances. The operation of 
separating the .iron from all these contaminating 
materials is loiown as smelting. This smelting opera¬ 
tion is usually carjied out in the modem blast furnace 
in which the ore, previously calcined, is heated to a 
higli temperature by means of .coke or coal which is 
burnt by the introduction into the furnac% of a large 
current or blast of air. 


The modem blast furnace is a tall cylindrical struc¬ 
ture aboflt "60 to 90 ft. in height and 20 to 30 ft. in 
diameter. 
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The ore, which is previously calcined or heated to a 
high temperature in calcining kilns exactly similar to 
lime-burning kilns, is introduced into the blast furnace 
at the top along with the requisite proportions of fuel 
and limestone flux. The object of the preliminary 
calcining operations is to effect a concentration of the 
ore by the removal of moisture and the volatile car¬ 
bonaceous materials which are frequently present in 
the ore. As the whole of the charge descends the stack 
it gradually approaches the hottest zone which is very 
near the point at which the blast is introduced, and as 
a result of a complex series of chemical reactions be¬ 
tween the ore, the fuel and the limestone, metallic iron 
is set free, and the earthy impurities for the most part 
combine with the limestone flux forming a molten 
substance of a vitreous or glass-like nature when cold 
known as " slag.” The molten iron liberated collects 
in the bottom of the furnace or hearth from whence it 
is tapped out and cast into channels arranged in the 
floor near the furnace. The resulting bars of cold 
metal, about 4 to 5 ft. in length and of shaped 
section, are known as pig iron. The slag which floats 
on the top of the molten metal in the furnace is tapped 
out from a higher level than the iron. 

In the early days of blast furnace practice, the hot 
gases were allowed to escape from tfle top or throat 
of the furnace. It is customar}' nowadays to utilize 
these gases for the purposes of boiler* firing, driving the 
blowing engines, etc. The gases are cooled in the first 
place, and tjie heat abstracted from them i's utilized in 
pre-heating the blast. Pig iron produced in such fur¬ 
naces is known as hot blast, while that produced in 
furnaces not pre-heating the blast is knowii as cold 
"‘blast iron. 

■ The niblten metal collected at the bottoih of ?he 
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furnace and cast into pigs contains, in addition to iron, 
Jaige quantities of impurities which are chiefly the 
elaments carbon, silicon, manganese, sulphur and 
phosphorus. In addition, traces of rarer elements, 
such as copper and titanium are frequently found, 
and even minute traces of gold and silver have been 
detected. This is the cast iron of commerce. We may 
therefore define cast iron as metallic iron, essentially 
containing large quantities of carbon along with other 
elements chiefly silicon, manganese, sulphur and 
phosphorus. 

The amount of pig iron smelted in Great Britain is 
about 9 million tons per annum, and of this 1 million 
are used in the manufacture of cast iron articles. It 
will be readily understood that pig iron produced in 
the modern blast furnace will not be fixed in its com¬ 
position as so many variable conditions enter into the 
process of manufacture. The temperature of the blast, 
:he \arying composition of the ore, and the variable 
quantity of the limestone which may be used as flux, 
pJl affect the final product of the blast furnace. Fur¬ 
nace-men re.'ilize *this and attempt to classify 'their 
products in various grades. This grading is done 
principally by examination of the fracture of the pig, 
and according to the appearance of this fracture the 
pigs arc assorted into numbered grades. No. 1 pig 
is the greyest and softest of the irons, and is very 
crystalline, showing large flakes of carbon in the form 
of graphite, and is only used in iron-founding for light 
an4 ornamental work where strength is not a prime 
necessity. No. 2 pig is somewhat more cRsely grained 
than No. 1 with a slightly less quantity of graphite. 
No. 3 is still closer grained, and while still soft, is harder 
and stronger than the preceding, and the graphite is 
nut so easily distinguishable. No. 4 is often divided 
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into two classes. No. 4 foundry and No. 4 forge. It is 
whiter than the previous classes, being strong and very 
finely grained. Some makers frequently have a No*. 5 
grade wliich is harder and closer than No. 4 and nearly 
approaches mottled. White iron is intensely hard and 
brittle, very crystalline, and shows no trace of graphite 
in the fracture. Intermediate between the white and 
grey irons comes mottled iron, which is a kind of transi¬ 
tion stage between white and grey irons. The fracture 
is grey mottled or white mottled according as to whether 
grey iron or white iron predominates in the fracture. 

There can be no doubt that by long practice and 
experience it is possible to some extent to judge of the 
quality and value of the pig iron by its fracture. But 
when the number of variable factors which enter into 
the manufacture and composition of pig iron are con¬ 
sidered, among which may be noted the variations in 
the composition of the ore, the coke and the limestone 
used in the blast furnace, the different rates of cooling 
which may possibly occur, and the resulting alterations 
in the chemical composition of tlje pig iron, some 
elements producing one effect and others precisely 
opposite effects in the iron, it will be obvious that an 
iron-founder basing his practice piuely upon judgment 
by fracture will, on many occasions, obtain results in 
his working which are by no means Satisfactory, and 
so it has been found necessary to assist this judgment 
by chemical analysis. Analysis proves that the same 
numbers of pig iron coming from Afferent districts vary 
as to the pe|;centages of the elements in the iron, Snd 
that even in the products of any district considerable 
variation in composition occurs in pigs that are graded 
by fracture into any particular number. This gf course 
explains some of the otherwise inexplicable failures 
which have occurred in foundry practice when absolthe 
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reliance has been placed upon grading by fracture, and 
suggests that in place of the rule of thumb method of 
grading heretofore adopted, a system of grading by 
analysis should be substituted. Several attempts have 
Ifhen made to formulate such a scheme which would 
satisfy the requirements of the iron-founder and be 
acceptable to the blast furnaceman. The latest attempt 
was made by the Iron and Steel Institute in 1910, but 
the findings of the committee appointed for this pur¬ 
pose left matters much as they were, and the grading 
of pig iron still remains in this unsatisfactory position. 

The following series of analyses of pig irons give an 
idea of the percentages of the various elements present 
in c. 'mmcrrial cast iron of a phosphoric type. It will be 
observed that the amount of graphite in each succeeding 
number is a gradually decreasing quantity, tiU in the 
sample of white iron it is noticeable by its entire absence ; 
and that while the other elements remain fairly constant 
.,r vaiy irregularly in quantity, the silicon also, as well 
as the graphitic carbon, diminishes in each successive 
sample. It must be i '-membered, as has been pointed 
out, that tin. various numbers even from the same 
blast furnace are not constant in their composition, 
and the only way in which this variation can be 
discovered is by analysis. 


■ 

No. 1. 

No. 2. 

No. 3; 

No. 5. 

White Iron. 

Combined Carbon . 

% 

•08 

% 

•20 

% 

•48 

■% 

•80 

% 

3-05 

Gr^hite 

3-2 

3-16 

312 

2-93 

_ 

Total Carbon 

3-28 

3-36 

•3-60 

3-73. 

- 3-05 

Silicon 

3-5 

2-9 

2-59 

l-50r 

•67 

Manganese 

■68 

•62 

•60 

•60 

•42 

Phosphorus . 

1-67 

1-69 

1-59 

M7 

1-60 

Sulphur » .. 

•05 

•06 

■08 

•145 

•4 


further, in connection with the classification of pig 
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irons special terms are adopted in addition to grading 
by numbers. For example, irons which are smelted 
‘from ore consisting largely of oxide of iron and which 
are very low in phosphorus content are classed under 
the name of hematite iron, while those high phosphoruii, 
low silicon irons which arc largely produced for use in 
basic steel furnaces arc termed basic pigs. The Cleve¬ 
land district in which is produced a phosphoric iron 
from ores which contain mainly carbonate of iron, 
gives its name to the iron smelted under the term 
Cleveland pig ; whereas in the Staffordshire district, 
where the puddUng of iron is largely carried on, the 
ore and material which has formed the bed of puddling 
furnaces, is smelted into pig iron known as citider pig. 
In contradistinction to this, those Staffordshire irons 
smelted from ore without any admixture of the puddling 
cinder are known as All Mine pig. Swedish iron as its 
name implies is smelted in Sweden from ores which are 
largely composed of the magnetic oxide of iron, and is 
the purest form of iron manufactured. Originally, all 
pig irons were smelted by means of charcoal, but now 
other fuels are used, and the little Ihat is stiU manu¬ 
factured with the original form of fuel, is distinguished 
as charcoal iron. Pig irons which have a high silicon 
content, say of over 4 per cent, show a very distinctive 
fracture, and because of this are designated silky pigs. 



CHAPTER III 

THE METAL 

As has been mentioned in the preceding chapter, cast 
iron .is the carburized metal which is the product of the 
modern blast furnace, and which, as commercially used, 
also contains percentages of silicon, manganese, stdphur 
and phosphorus. This cast iron exists in two distinct 
forms ; first, as a very hard and brittle material, show¬ 
ing on breaking a whitish fracture, unmachinable owing 
to its hardness, which is so great that glass can be 
scratched wth it ; and second, as a comparatively soft 
material, easily machined, and having a grey fracture 
on breaking. The first form of the material is com¬ 
mercially knowm as white iron, and the second as grey 
iron. It will be obvious that white iron is a very un- 
! .iit'iUe material in which to produce castings. Its 
great brittleness, and the impossibility of machining 
because of its great hardness, make it of no value what¬ 
ever, except in th? special case of malleable castings 
which are rendered machinable by subsequent treat¬ 
ment, and which are dealt with in a later chapter, and 
as a consequence the aim of the ordinary foundryman 
is to produce castings in the softer material. 

If the fractures of some of the more coarsely-grained 
irons be examined^ the presence of carbon in the form 
of giaphite will be revealed, and in certain samples it 
is possible, on account of the comparatively large size 
of the grains, to detach the carbon by the aiid of a pair 
of forceps. The rubbing of grey iron turnings on the 
palm of the hand will produce a black mark charac¬ 
teristic (A graphite or plumbago. If a white iron be 
siniilarly examined no trace of graphite can be detected, 
15 
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and so it becomes obvious that the differences between 
the two classes of metal are due to the presence or 
absence of the graphite in this free state. 

As a result of the investigations of some of the most 
distinguished chemists and metallurgists, it has been 
demonstrated that both in the white and grey types of 
metal, there is, as a rule, approximately the same 
quantity of carbon present, but that while in the grey 
iron some portion of this exists as graphite, giving the 
grey appearance to the metal, in the white iron the 
carbon exists in the form of a chemical combination of 
carbon and iron known as carbide of iron, dissolved in 
the metal itself. In the course of their investigations 
into the structure and composition of the metal, these 
metallurgists have established that this dissolved carbon 
is retained in this form in the iron very largely as a 
result of the comparatively quick rate of cooling from 
the molten state, and that if the white iron were cooled 
down sufficiently slowly it would be found to contain 
graphite, and to break with a greyish fracture, that is, 
it would no longer be white iron. 

It has also been further proved‘that certain of the 
other elements present in commercial cast iron have an 
effect on the final composition of the metal, and influ¬ 
ence the production of graphite either by retarding or 
increasing it in a more or less similar way to that in 
which it is effected by the rate of cooling. For example, 
it was shown by Prof. Turner in 18^4-86 that the pre¬ 
sence of silicon in increasingly large quantities up to a 
certain maximum resplts in the gradual increasfe of 
carbon in the form of graphite, and a corresponding 
reduction of the carbon present in the combined 
dissolved form of carbide of iron. 

In an opposite manner, but not to so marked a degree 
in the percentages usually met with in commerbial 
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cast iron, the presence of manganese and sulphur 
have a tendency to prevent the formation of graphite, 
and to cause the carbon content of the metal to persist 
in the iron in its combined state. The remaining ele- 
mdht commonly present, phosphorus, appears to have 
little or no influence on the condition of the carbon, 
and from this point of view may therefore be neglected. 
Though phosphorus has little influence on the condi¬ 
tion of the carbon, it exerts a considerable influence 
on the melting point of cast iron. Dr. Stead in his 
classical research on the iron-carbon-phosphorus system 
shows that phosphorus exists m the iron as a phosphide 
of iron very .similar in nature to the carbide of iron. 
It is soluble in the molten metal, and entering into 
solution, reduces the melting point of the melting to a 
considerably lower figure than does the carbon. He 
also showed that with the percentages of phosphorus 
usually found in Cleveland iron, the melting point of 
c.ist iron is reduced to somewhere in the neighbourhood 
of 980=0. 

It will be readily perceived from these facts that the 
utility of pho.-^phorus in commercial cast iron is the 
result of this lower melting point, so that at the same 
temperature a high phosphorus iron is considerably 
more fluid than a low phosphorus iron owing to the 
difference in their final solidification points. 

It will thus be readily appreciated that between the 
maximum hardness and the maximum softness of the 
metal there exists a great range of variation in the 
proJJferties of cast iron, and that these variations depend 
to a very large extent on the quantity tf graphitic 
caurbon present in the various samples of material, and 
that it follows that by suitably adjusting the amounts 
or percenlages of the various elements controlling the 
foifcation of carbon in the form of graphite, it is possible, 
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provided that the rate of cooling remains constant, to 
.produce cast iron which contains var}dng quantities of 
carbon in the combined and free graphitic states, u'hich 
in their turn represent different degrees of hardness in 
the metal. 

In addition, the presence of graphit c in cast iron, besides 
affecting the colour, the hardness and the machinability 
of the metal, is responsible for another important 
feature. The suitability of cast iron for making cast¬ 
ings, apart from the point of view of cost, is chiefly 
due to its low total shrinkage on cooling down from the 
molten to the solid state. The reason for this will be 
readity ascribed to the formation of the graphite in the 
grey iron. The graphite itself is considerably greater 
in volume than the carbide of iron from which it 
originates, and hence the lower shrinkage. 

An interesting series of experiments was devised by 
Prof. Turner for the purpose of demonstrating the 
smaller shrinkage of grey cast iron as compared with 
that of white iron. Bars of T-shaped form were cast, 
the T end being rigidly fixed, while an iron pin was cast 
into the metal at the opposite «nd, and connected 
with an extensometer for the purpose of registering 
any change in measurement which might take place 
in the bar while changing from the liquid to the solid 
state. This change was read off froi?i the instrument 
and the curves drawn, and the difference in these curves 
is explainable by the formation of the graphite in ^e 
grey metal as mentioned above. 

It will be readily perceived that in considering tcast 
iron from tke point of view of its resistance to fracture 
when subjected to stresses of different types, that the 
structural arrangement of the various constituents will 
exert considerable influence on its behavioifr in this 
connection. When examined under the microsci^e. 
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grey cast iron is found to be a complex mixture of a 
number of constituents embedded in each other, the 
most important of which are the free or graphitic car¬ 
bon and the phosphide constituent. These are shown 



Fig. 1. 


in the microphotograph Fig. 1 embedded in a matrix 
of ijon together with the portion of carbon in the com¬ 
bined and dissolved condition micrographi«ally known 
as ferrite and pearlite respectively. The whole of this 
structure in this particular case will be seen to be cut 
up by th§ numerous plates of graphite, which, it will be 
easily understood, form lines of w^ness which may 



20 


IRON-FOUNDING 


readily become a connected path through which frac¬ 
ture may traverse across the particular specimen when 
'it is subjected to a particular t)7pe of stress. In addi¬ 
tion to this, the phosphide constituent is an extremely 



Fig. 2. ^ 

hard and brittle substance, nearly as hard as the com¬ 
bined carbon itself, and in its turn it may 6 X 61 * its 
quota of inluence on the brittleness of any particular 
specimen when subjected to stress influences, according 
as to whether the quantity of this constituent is large. 
• or small, and also according to the ratio of th^ amount 
of this constituent compared with the amount *of 
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graphite. Further than this, it will be readily under¬ 
stood that the actual structural arrangement of these 
separate constituents, apart from any consideration of 
their quantity, will exert considerable influence on the 
stsength of a particular sample when subjected to 
stress. In the raicrophotograph Fig. 2, which from 
the point of view of composition is almost identical 
with the specimen represented in the previous photo¬ 
graph, it will be noticed that the free carbon is in a 
more finelv divided condition, and the phosphide con¬ 
stituent is more regularly distributed, both of which 
offer less opportunity for the formation of lines of 
weakness across the specimen through which fracture 
may travel when stress is applied. This example will 
be sufficient to illustrate the immense importance of 
the structural constitution of cast iron as opposed to 
the chemical constitution. This structural constitution 
and the factors controlling it have been extensively 
sf jdied by metallurgists and considerable information 
has been accumulated which enables the best particular 
structure for any given type of work to be selected, 
and also enables means lo be taken to obtain the desired 
structure in the foundry. It should however be appre¬ 
ciated that the laws or factors governing the structural 
constitution cannot be definitely stated on the lines of 
the laws goverryng the chemical constitution, which 
are simple laws of mixtures, and that much work 
remains to be done before this state of affairs is arrived 
at. Considerable advance has, however, been made in 
rec*it years, and m certain particular products the 
control of the structural constilution is l^ing carried 
out^in a practical manner. 



CHAPTER IV 

FURNACE MIXTURES 

In actual foundry practice castings are rarely if ever 
made by melting one brand or grade of pig iron only. 
Various conditions, both of a technical and economic 
nature, arise which render it more or less impossible 
for this to be done. The fact that various makes and 
grades of pig iron vary in price, and that in addition 
there is usually a large quantity of scrap cast iron in 
the form of disused and broken-up machinery at dis¬ 
posal, for the most part lower in price than that of the 
pig iron, and that in the actual foundry itself scrap is 
made daily in the shape of waster castings, gate runners, 
riser and feeder heads, render it necessary, for economical 
reasons and also in order to maintain a consistent 
quality of metal, to charge var 3 dng proportions of the 
different classes of metal enumerated above into the 
cupola. These charges constitute ivhat is known as 
cupola mixtures. Furthermore, when making castings 
complying with particular engineering specifications it 
is also necessary that predetermined quantities of the 
varying grades of iron at the disposal of the foundry 
management be charged into the furnace. 

The methods of controlling foundry mixtures can be 
divided into two classes, viz., (a) the old-fashioned 
rule-of-thumb method in which the character of the 
final metal is controlled by mixing varying proportions 
of pig iron and scrap according to the openness or 
closeness of the fracture of the pig iron at the disposal 
of the foundry foreman. This method which r> usually 
-spoken of as “ Fracture Control,” consists essentii^y 
22 
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of mixing a large quantity of close-grained scrap with 
an open-grained pig iron, or a small quantity of close- 
graiped scrap with a closely-grained pig iron. The exact _ 
quantity ot scrap used, according to the openness or 
closeness of the grain of the pig iron, is a matter which 
lies entirely in the hands of the foundry foreman, and 
it is charitable to suppose that his previous experience 
is sufficient to enable him to obtain fairly satisfactory 
results. In view of the increased demand for the pro¬ 
duction of higher and more uniform grades of castings 
this old method, which is obviously defective, is gradu¬ 
ally falling into disuse, and is being substituted by (h) 
the more rational method of controlling the character 
of the final product by the composition of the materials 
charged into the cupola. 

For the production of castings in which the ordinary 
requirements of the machine shop have to be taken 
into consideration, the only qualities required are that 
the mi.tal shall be capable of being machined at the 
maximum speed, and shall give castings free from 
shrinkage, blowholes, and other defects, and also cor¬ 
rect both as to shape and general dimensions. It will 
be readily appreciated by what has been said before 
with regard to the constitution of cast iron, that these 
factors in so far as the metal is concerned, depend 
almost entirely jipon the extent of the graphite pre¬ 
cipitation. This in its turn, with metal of any given 
composition, will depend upon the rate of cooling, or 
the reciprocal of tRis, the thickness of the casting. In 
ord#r to produce these properties uniformly in all thick¬ 
nesses of castings, it is usual to modif)* the silicon 
content, which, presuming the rest of the com¬ 
position remains constant, modifies the extent of the 
graphitiAtion. 

JThe following table has been constructed by the 

3 —( 1468 ») 
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late Mr. G. Hailstone giving the varying silicon content 
for varying thicknesses of castings— 


Thickness of Metal.! Silicon. 

Sulphur. 

Phosphorus 

Manganese. 

Inches. 


% 


% 

0-2.S 

2-70 

0-05 

I.O 

0-4 . 

0-50 

2-40 

0-06 

M 

0-4 

0-75 

2-40 

007 

1-2 

0-5 

1-00 

200 

0-08 

I-O 

0-6 

1-SO 

1-75 

O-IO 

0-8 

0-7 

2-00 

1 1-50 

on 

0-7.S 

0-7 

2-SO to 3’00 

1-25 ■ 

012 : 

0-60 

0-8 


According to the particular class of work in the 
foundry, the superintendent or metallurgist decides 
primarily on the silicon content of the iron most suit¬ 
able. It is assumed that the chemical composition of 
the raw materials in the shape of pig iron and scrap 
at the disposal of the foundry is regularly obtained 
either from the suppliers or in the foundry’s own labora¬ 
tory, and by a kind of trial and error method a sort of 
provisional mixture is devised. It will be appreciated 
that the governing factors in devising a provisional 
mixture along these lines are largely of an economic 
nature, and depend upon prices ■ and quantities of 
material at disposal, and the readiness with which the 
stock may be replaced. ■ 

The mixture can be calculated out in the following 
manner. Assuming that the chemica^l composition of 
the materials at the disposal of the foundry are— 



Pig Iron 
A. 

Pig Iron 
B. 

eMachine 

Scrap. 

Foundry 

Scrap. 

Total Carbon^ . 

% '■ 

3-9 

% 

3-6 

% 

3-25 

% 

3-00 

Silicon . 

3-25 

1-7 

2-5 

2-25 

Manganese 

1-25 

0-45 

0-6 

0-75 

Sulphur . 


0-04 

on 

0 O-JS 

Phosphorus 

1-2S 

1-50 

1-00 

MO 
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imagine a mixture of 20 cwts. made up from the above 
in, say, the following proportions: 4 cwts. A, 6 cwts. B, 
and 5 cwts. of each kind of scrap. Multiply the 
♦percentage of each constituent by the weight in cwts.— 


• Proposed 
Mixture. 

Total 

Carbon. 

Silicon. 

Man¬ 

ganese. 

Sulphur. 

Phos¬ 

phorus. 

cwts. 
A.—4 

15-6 

130 

5-0 

•28 

5-0 

B.—6 

21-6 

10-2 

2-7 

•24 

9-0 

M.S —5 

16-25 

12-5 

3-0 

-55 

5-0 

F.S.— 

150 

11-25 

3-75 

•75 

5-5 

20 

68-45 

46-95 

14-45 

1-82 

24-5 


3-42 

2-34 

-72 

•091 

1-22 


Total and average by dividing by 20 (the total number of cwts.). 


On remelting the iron according to the mixture 
slight modifications in the mixture take place owing to 
slight losses or increases in the various constituents 
taking place in the cupola. The only constituent which 
is modified to any extent warranting serious considera¬ 
tion is the silicon ^hii ii undergoes loss. This loss is 
readily found uy experience in any particular cupola, 
and can easily be allowed lordn the calculations. As 
a rule, it is usually in the neighbourhood of -25 per 
cent. So that, in the example already quoted, the final 
composition woufd be— 


Total Carboy 
Silicon 
Manganese . 
Sulphur 
Phosphorus 


3-42 

2-09 (2-34--25) 
•72 
•091 

1-22 • 


If this composition be not exactly suitable for the 
purpose rgquired, an increase or decrease in the amount 
of any constituent may be obtained by varying the 
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weights of the particular class of material which con¬ 
tains more or less than the average already obtained. 
The same method is followed in the calculation of 
mixtures for fulfilling special requirements. 

For certain special purposes alloys are used containing 
abnormal percentages of particular elements which, 
strictly speaking, in the majority of cases do not be¬ 
long to the cast iron family, but which are so intimately 
connected with iron foundry practice as to be worthy 
of special mention. Among the most important of 
these is a special acid-resisting alloy which is extensively 
used in the manufacture of chemical plant, and which 
in commerce goes under a variety of names—^tantiron, 
corros iron, iron-ak, etc. This iron is essentially a 
cast iron containing large quantities of silicon, and a 
typical analysis is given below. 

Chemical Composition of High Silicon Non-Coerodible 
Alloy for Chemical Plant. 

% 

Total Carbon . . . 0-57 

Silicon .... 15*43 
Manganese .... 0*64 

Phosphorus . . ■ . 0*44 

This alloy, which is a hard unmachinable metal, 
resists the attack of Concentrated hydrochloric and 
nitric acids, and is largely used in the manufacture of 
plant for chemical works in the foriq of retorts, pans, 
valves, pumps and other chemical engineering appliances. 
It is prepared in the cupola by melting foundry pig 
irons with the requisite quantity of a high silicon iron 
alloy known as “ Ferro-Silicon." In casting this nKtal, 
which is av white iron, precautions have to be taken 
similar to those taken in producing white iron castings 
for the production of malleable castings, which are 
dealt with in a later chapter. 

Other elements have been added to grey cast jron 
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with the object of obtaining special properties. The 
most important of these are tin, nickel, chromium and 
copper. The two former have been used for the pur¬ 
pose of producing a hard material capable of resisting 
w8ar in heavy duty work, such as shell-piercing tools 
and limit gauges. Chromium and copper have been 
added with the object of resisting the effect of heat 
and atmospheric corrosion respectively. 

In addition to these, the elements aluminium, titanium 
and vanadium have been added in small quantities, and 
these elements are claimed to have a cleansing action 
on the metal, reducing its liability to blowholes and other 
dirt inclusions. 

Of late v'ars, there has been an extending adoption 
of the use of steel scrap in cast iron foundry mixtures. 
These mixtures have somewhat unfortunately been 
given the distinguishing title of " semi steel,” which, 
in far as there is the tendency for the term to convey 
tne impression that the physical properties if this 
material lie midway between those of cast iron and 
steel, is misleading. This idea is not correct, and 
should any spi cial name be required for such mixtures, 
it would bo preferable to designate them as " Steel 
Mixture Irons.” It is stated that the use of steel scrap 
increases generally the properties of the cast iron, and 
this is undoubtedly true in so far as its use effects a 
reduction in the quantity of silicon and phosphorus in 
the final iron, according to the amount of steel scrap 
used. Viewed from this standpoint the use of steel 
scr£({) may be compared to thg use of a low silicon 
hematite or low phosphoric cold' blast pig iron. The 
introduction of steel scrap along with grey iron into the 
cupola mixture does not as a rule involve any reduction 
of the total carbon content in the final iron. The reason 
forfthis will be appreciated when the mechanism of its 
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melting in the cupola is considered. When it is remem¬ 
bered that the melting point of steel is at a temperature 
approaching 1500° C. (about 2700° F.) and that the 
maximum temperature of the cupola seldom exceeds 
1400° C. (about 2500° F.), the question as to how steel 
readily melts in the cupola is a very natural one. It 
should be remembered that steel is a low carbon iron 
alloy containing as a rule about -5 per cent combined 
carbon. When this material is charged into the cupola, 
and becomes heated in direct contact with the coke 
and carbonaceous gases in the cupola, the steel rapidly 
absorbs carbon even whilst in the solid state, exactly 
as in the manner of the case-hardening of steel. The 
direct result of the absorption of carbon is a lowering 
of the melting point of the metal, until when it has 
absorbed about 1'5 per cent of carbon its melting point 
is reduced to a figure within the range of the cupola 
temperature. It then rapidly melts, and in melting 
absorbs considerably more carbon, until it becomes 
saturated with carbon for the particular temperature 
of the cupola, which saturation point is round about 
3 per cent to 3'5 per cent carbon. Obviously there¬ 
fore, there is no reduction in the carbon content of the 
final metal. 



CHAPTER V 

THE CUPOLA AND OTHER FURNACES 

Very frequently castings are produced from molten 
metal direct from the blast furnace. This procedure, 
in that it eliminates the casting of pig iron and its sub¬ 
sequent remelting in the foundry results in a consider¬ 
able economy of heat which would otherwise be lost 
by radiation from the pig beds, and in economy of 
labour, time and transport. As a general rule, however, 
the castings made in this way arc those extremely large 
castings, and also those simple castings, of which huge 
quantities are required for commercial purposes. For 
example, pipes and large cast iron tanks are made at 
Staveley, Stanton, Holwell and other blast furnace plants. 

For the majority of purposes, however, castings are 
i:mell) made in separate foundries, most of wliichare 
situated at some distance from the blast furnaces. 
Under these circunrstances the pig iron is delivered by 
rail, and obviously*before castings can be produced it 
is necessary to remelt the material. 

There are several types of furnaces which may be 
used for the remelting of the pig for casting purposes 
in the iron-fouqdry. The most common of these is 
a tall cylindrical furnace which is technically known 
as the cupola furnace. Broadly speaking, the cupola 
might be likeneef unto a miniature blast furnace. 
It •onsists of a tall, narrow, cylindrical metal shell, 
usually of boiler plate, lined up on the, inside with 
refractory material, generally silica brick and ganister. 
The cylindrical stack is set up on end, the bottom end 
being toftiEy enclosed, forming a hearth for the molten 
ni$tal exactly as in the case of the blast furnace. On 
a level with the hearth a hole is provided through the 
29 
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shell and lining for the purpose of tapping out'the 
molten metal. At a somewhat higher level a similar 
hole is provided for the outlet of the slag which collects 
on the surface of the metal during melting. Also in 
the lower part of the furnace a door is arranged, hy 
means of which the furnaceman can enter the furnace 
at the necessary times to attend to the repairing of the 
lining, this door being known as the “ fettling door.” 
At a somewhat higher level still, a series of holes is 
provided round the circumference of the stack for the 
introduction of the blast lor melting purposes. The 
height of these holes, or tuyeres (twyers) as they are 
termed, is regulated by the amount of metal which it 
is proposed to gather in the hearth, sufficient room 
being left below the tuyeres to contain the quantity 
calculated upon. In modern furnaces which are as a 
rule designed by specialists in cupola construction, 
special attention is paid to the form and character of 
these tuyere holes through which the blast enters the 
furnace. As a general rule, the whole of these tuyeres 
are connected round the cupola by means of an air 
belt into which the bla,st is introduced from the fan or 
blower, and very frequently arrangements are provided 
whereby the entry of air through any particular tuyere 
hole may be separately controlled. 

At a height of some 12 to 15 or more feet above the 
hearth a large hole fitted with a door is made, through 
which the material to be dealt witht in the furnace is 
charged into it. To facilitate this, a platform or stage 
is built up to the cupola at about this height, and Vhe 
material—fuU, metal and limestone—is brought on to 
the stage, generally by means of a hoist, but sometimes by 
a chain or buckdt conveyor. A weighing machine should 
also form part of the equipment of the charging Itage. 

la a large proportion of cupolas, the bottom of tke 
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cupofa is solid, and the iron base plate is covered with 
sand or ganister well rammed down and shaped so as 
to intlinc all the molten, metal to the tap hole. There 
is however an increasing tendency in modern practice 
to*u^e cupolas with drop bottoms. In this type, 
the cupola is generally raised on four pillars or 
standards forming a kind of well under the base of the 
furnace. When the cast is over, the base plate, usually 
fixed in two pieces like swing doors, can be released, 
and the fuel and metal which remains in the cupola 
can be dropped on to the floor. In some cases the well 
is carried into the floor so as to lessen the risk of splash¬ 
ing molten metal when the base plate is released. This 
arrang' raent tends to economy in fuel consumption, as 
the unused fuel can be quenched and s.parated from 
the metal, and-it allows of easier access to the interior 
of the cupola for the purpose of cleaning and repairing 
the lining, which is generally done before each heat. 

\VLen uniformity in the quality of the metal in any 
cast is required, the metal is often collected in a fore- 
hearth. This is an addition to the ordinary cupola of 
a receptacle into which the metal runs immediately it 
reaches the base of the furnace instead of collecting on 
the hearth. The value of this arrangement will be 
recognized when it is remembered that it is impossible 
to guarantee that^ny charge of metal in the cupola is 
exactly similar in composition to any other charge. 
But when these nu'ltings of varied composition are 
mixed in the forehearth, the resulting metal is of the 
averse composition of the series. In cases where the 
cupola is of the ordinary type, the same relhlt can be 
obtained by collecting the metal in a large ladle and 
mixing. 

In times past, when less interest in public health 
andtleanliness was taken than is now the case, cupolas 
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were allowed to pour into the atmosphere all the pro¬ 
ducts of combustion with all the dust and sparks \yhich 
were blown out of the furnace by the blast. This dust, 
when distributed over the neighbourhood, was ^an 
objectionable feature of the foundry, and now in most 
foundries situated in populous districts, an endeavour 
is made to reduce to the minimum this distribution of 
dust. For this purpose the top of the cupola has fixed 
upon it a spark arrester, which generally consists of a 
series of bailie plates so arranged as to deflect the gases 
while at the same time the sparks and dust strike the 
plates, and then either fall back into the furnace or 
descend into receptacles planned to receive them. 
The material taken out of the spark arrester consists 
of minute particles of coke, sand, limestone and oxide 
of iron, a typical analysis being given below. It may 
be of interest to note in passing that this waste product 
is considered to be of value as a fertilizer for certain 
crops, and is certainly of use in the lightening of heavy 
clay soils. 


Analysis of Cupola J)ost. 


Carbon 

Silica 

Iron Oidde 
lime. 
Magnesia . 


% 

47-44 (chiefly coke dust). 
37-75 (chiefly sand). 
12-25 
2-00 
0-5$ 


The charging of the cupola in preparation for a melt 
is done in the following manner. , Assuming that the 
lining of the furnace is in good condition, all parts from 
which material has been fluxed away during previous 
heatings having been repaired with ganister, a fire is 
lighted in the hearth, and upon this a bed of fuel is 
placed reaching up to some distance above the tuyere 
holes. On this is deposited a quantity of fnetal, fol¬ 
lowed by the necessary amount of limestone requfeite 
to flux the ash of the fuel, and the sand carried by the 





THE CUPOLA AND OTHER FURNACES 


33 


pig iron. This in turn is followed by layers of fuel, 
meti^l and limestone consecutively. Tlie bed having 
become sufficiently lighted, the blast is turned on and 
th# temperature is speedily raised to a high point, and 
melting commences. The charging is done through the 
charge hole, and the various charges are weighed before 
being dropped into the furnace. A by no means incon¬ 
siderable part of the successful working of a cupola 
depends upon the manner in which the charges are 
dropped into position in the furnace stack. The level 
...nd equal distribution of each constituent in its order 
helps to produce both better metal and more economical 
working. No rigid rule can be laid down as to the 
weight of each separate charge, this largely depending 
on the particular requirements of the foundry ; but as 
each cupola seems to possess some degree of individuality, 
the man in charge of the melting operations notes the 
be'lavie, or of the furnace with varying charges until he 
anives at the conditions under which the best results 
are obtained, and having discovered these, he fixes 
them as his standard so as to make certain of the best 
and most economical working. The pressure of the 
blast must be sufficient to cause the air to penetrate 
to the centre of the furnace, and the amount of air 
delivered must ]^e enough to promote the utmost 
complete combustion. 

The blast is produced either by a fan or by some form 
of positiv'e pressure blower, the size of which is of 
couTj^ dependent upon the size and capacity of the 
cupola, insufficient blast rendering the cuptla slow in 
action and unable to work up to its highest capacity 
or to produce the hottest metal. Fig. 3 gives an idea 
of the principle of the Root’s Blower, which is one of 
the jnain types of positive pressure blowers in general use. 

One of the most important points in connection with 
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the successful working of the cupola furnace is the 
quality of the fuel used in it. Coke is the fuel used, 
and this should be as free from sulphur as possible, as 
this element, combining with the iron, is not desirable 
in the metal. It should also be of sufficiently firm 
texture as to be able to withstand the metal falling on 
it during the charging, without crushing. In burning 



Fig. 3. 


SECTION OF root’s BEOWER 
it should not leave a large quantity of ash, as this has 
to be fluxed away in the slag, necessitating the use of 
more limestone if the ash content of the coke be above* 
normal. In addition, it should not bold large quanti¬ 
ties of water, as the removal of the moisture requires 
heat which would otherwise be use^ in increasing the 
temperature of the charge in the furnace. The weight 
of coke in each separatp charge is essentially deternffiied 
by the weigiit and character of the metal portion of the 
charge, and should exactly replace, as it descends to 
the hearth, the coke which has been burnt away in the 
eombustion zone at the tuyeres. The coke used is 
generally a pietaUurgical coke, which is producedaby 
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subjecting powdered coal to a high temperature in 
special coking* ovens. The coke produced is often in 
very, large pieces, usually 3 to 4 cu. ft. in volume, and 
for foundry purposes it is necessary to reduce these to 
pieces of smaller uniform size. Special machinery is 
in use for breaking and screening this coke, and the 
resulting coke dust is frequently of value in the sand¬ 
mixing department of the foundry. The size and close¬ 
ness of the packing of the coke in the charge is of 
importance, as the less the surface area of the coke in 
comparison with its volume, the less the amount of heat 
absorbed from the rising gases, and the slower the rate 
of combustion when burning commences. 

Theoretically, the heat obtained by the complete 
combustion of 1 cwt. of coke, provided that the whole 
of the heat thus obtained is absorbed by the metal, is 
suJ&cient to melt about 2 tons of iron, but in actual 
practice th^ result can never be obtained and a con¬ 
sumption of 2 cwts. of coke per ton of metal malted is 
considered to be a good average. The difference be¬ 
tween the theoretical value and actual consumption 
can be accounted for by losses which take place_ in 
various directions. In the first place this theoretical 
combustion occurs when the carbon is completely cora- 
«bined with oxygen to form carbon dioxide according 
to the equation, C -j- 20 = COj. But in the cupola 
combustion does not take place precisely in this way. 
Some of the carbon does combine with oxygen in the 
ratio mentioned, but a portion of the carbon only com¬ 
bine* with oxygen in the proportion of one atom of 
carbon to one of oxygen forming carboai mon-oxide 
(CO), owing probably to the fact that a sufficient quan¬ 
tity of oxj'gen was not available at that particular 
spot. TMs gas may later combine with another atom 
of jxygen giving as result carbon dioxide. But in this 
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double reaction the number of British thermal units 
generated does not equal the number produced when 
carbon is directly combined with oxygen to give carbon 
dioxide. In the single reaction the number of British 
thermal units obtained per lb. is about 14,500, while 
in the reaction C -1- 0 = CO only about 4,500 are 
generated, with a further addition of about the same 
number when the reaction CO 0 = COj takes place. 
There is here a loss of nearly a third of the possible 
amount of heat which should theoretically be developed. 
Various devices with respect to the introduction of air 
through variously shaped tuyeres, through double belts 
of tuyere holes, and througli tuyeres arranged spirally 
round the cupola, have been tried in order to effect the 
more complete combustion of the coke, but it has not 
been found possible to eliminate the double reaction, 
and consequently the loss of heat owing to this cause 
is unavoidable. The flames which are seen issuing 
from the top of a cupola are caused by the combustion 
of the CO, which, rising above the charging hole at a 
high temperature meets the air admitted at that aper¬ 
ture, and at once burns into COj in the upper part of 
the cupola. 

The gases thus formed, along with the inert nitrogen 
driven into the cupola by the blast, leave the melting 
zone of the furnace at a very high temperature, and’ 
except in so far as they communicate* their heat to the 
coke and iron further up the stack, carry with them a 
large amount of heat. Attempts have been made to 
utilize this heat. Some of the unconsuraed gases have 
been conducted back to the tuyeres and again dfiven 
into the fuAace. The value of this proceeding depends 
upon the quantity of CO present and as this is continually 
fluctuating throughout the course of the operation of 
melting, while it the same time large quantities of inert 
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gases are driven into the cupola, which would abstract 
heat on their passage through the combustion zone, it 
is very probable that the amount of heat generated by 
the small quantity of CO admitted, is more than counter¬ 
balanced by the abstraction of heat made by the 
caAon dioxide and the nitrogen. 

A further loss of heat is occasioned by radiation, the 
heat passing through the lining and shell of the furnace, 
and escaping into the air. It has been sought to con¬ 
serve this heat by water jacketing the cupola, and 
producing steam, which could be used for warming 
the fyimdry, for heating drying stokes, or for engine 
purposes, but here the non-continuity of the process is 
a difficulty, as the steam is only available when the 
cupok is at work. 

The formation of the slag is also a cauie of the loss 
of some heal. Under ordinary working, slag is formed 
at the rate of from 40 to 80 lbs. per ton of melted iron, 
and as this slag leaves the furnace at a temperature of 
some 1300° C., and no use having yet been discovered 
to which it may be put, there is here a not inconsiderable 
loss of heat. 

As has been previously indicated, the presence of 
moisture in the coke causes a sensible loss of heat units. 
It is practically impossible to obtain coke devoid of 
moisture, which may range from 2 per cent to 6 per 
cent of the total‘Composition of the fuel. To simply 
evaporate this would abstract heat from the furnace, 
but in addition the^team, coming in contact with the 
highly heated coke, .actually decomposes, as the fol¬ 
lowup equation shows : C -f H^O = CO -h 2H. But 
this reaction only takes place in the presence of great 
heat, a large portion of which, amounting to 70,800 
British thmud units per lb. of water, is absorbed in 
bringing about the reaction. 
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A suggestion has been made that to dry the blast 
before its entry into the furnace would effect an improve¬ 
ment in the melting capacity of the cupola, but. it is 
problematical whether the possible saving in this respect 
would not be outdone by the extra cost entailed by .the 
working of a drying plant of the size required. It may 
be interesting to note that in connection with American 
blast furnace practice, the dry blast has been tried and 
it is stated that the improvement in melting represents 
a gain of 15 per cent. Even if this is accomplished in 
the blast furnace, it is obvious that such a result could 
not be attained in an intermittently worked cupola, 
and the cost of producing the blast would be higher. 

As an instrument for the melting of iron, the cupola 
is unrivalled from the point of view of rapidity, efficiency 
and cheapness, both as regards fuel and maintenance, 
and it lends itself to intermittent working according to 
the requirements of the foundry. Unfortunately, how¬ 
ever, it possesses serious disadvantages in that it will 
not allow of any control being exercised in the com¬ 
position of the material melted, or in the rate of melting, 
or the constancy of the temperature of the metal melted. 
In many classes of foundries absolute control of the 
temperature and the composition of the metal is not a 
necessity, and consequently in these cases the cupola 
fulfils every requirement. In higliqj: classes of work 
these defects in the cupola method of melting form a 
very serious disadvantage. Other methods of melting 
are at the disposal of the foundry, and may be 
summarized as follows— 

(a) Cruqble furnaces ; 

(i) Reverbatory and regenerative furnaces 
(c) A combined cupola and electric furnace, com¬ 
monly known as the " duplex " furnace. 

.The iflelting of iron in crucibles is only possible ^hen 
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small quantities are required at a time. This is due to 
the limited ste and capacity of crucibles, which for the 
most •economical working rarely exceeds about 300 lbs. 
By installing batteries of crucibles it is of course possible 
to tnc’t large quantities, but this is very seldom done 
owing to prohibitive costs. The life of a crucible is 
short, and the fuel cost for crucible melting is extremely 
liigh. :The type of crucible furnace most frequently 
used for melting cast iron is some form of coke-fired 
furnace, either as a self-contained unit or in the form 
of a hole in the floor, .as in the case of brass and steel 
crucible holes. Gas-fired crucil>le fiurnaccs of the self- 
conta'ned type can be satisfactorily used, but are found 
to be exttemely high in fuel costs when melting pig iron 
and scrap from the cold. The cost of crucible melting 
could be considerably lessened by running the crucible 
as an adjunct to the cupola, making it the second stage 
of a double process in which the molten metal is taken 
from the cupola and kept at the required temperature, 
while the composition of the metal is being adjusted 
to suit particular requirements. This would obviously 
effect considerable economy in the fuel used by the 
crucible furnace. It need not be emphasized that the 
crucible method of melting allows greater possibilities 
of control of temperature and composition, and it is a 
well-established fact that the mechanical properties of 
crucible melted metal are higher than those of metal 
of the same compojition melted in the cupola. 

A simple reverberatory furnace consists of a hearth, 
hollSwed out in the form of a ^saucer, roofed in, and 
connected on the one side over a bridge»direct .to a 
fire box, and on the other side to a chimney flue or 
stack. 

A diagrammatic illustration of this is given in Fig. 4 
Tlfc flames and gases produced by the combustion of 

4 —( 14661 ) 
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coal in the fire box pass over the metal lying in the 
hearth, and are usually deflected by shaping the roof 
in the manner shown in the sketch, in order to bring 
the flames into direct contact with the metal. The pig 
iron is charged on to the hearth, previously madfi of 
sand or other refractory material through charging 
doors provided on one side of the furnace, and when 
melted is tapped out through a tap hole on the opposite 
side of the furnace. In effect, the reverberatory furnace 



DIAGRAM ILLUSTRATING REVERBERATORY FURNACE 

resolves itself into an extended application of the 
crucible furnace capable of dealing with large quantities 
of metal. The disadvantages of this type of furnace 
are twofold. In the first place, a considerable reduc¬ 
tion of the carbon content of the metal takes place 
owing to the direct contact with tji® flame. This can 
to some extent be prevented by using large quantities 
of metal, and covering the same with a coating of slag, 
and. further, recarburizing can always be effected by 
the addition of coke or other carbonaceous matter at 
a suitable stage of the melting. In the second place, 
■in such fumaQps the running cost and the upkeep are 
*‘extremely_^ heavy, and to this must also be couple^he 
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fact that furnaces of such dimensions as are required 
cannot be run intermittently. 

The regenerative furnace may be considered as a 
modified type of the reverberatory furnace, in which 
the hot waste gases, wliich would otherwise pass directly 
into the chimney, are carried through passages of 
chequer work, which, with the provision of suitable » 
reversing devices, allow of the preheating ol the air 
for the combustion of the fuel. By this process a con¬ 
siderable economy in heat units is effected. It is also 
common in this latter type to burn the fuel in separate 
gas producers, and to arrange for the gas thus generated 
to be burnt with the preheated air in the furnace body. 
Both these tj’pes of furnace find a limited use in the 
melting of iron for extremely large castings, and they are 
also used in the manufacture of iron for malleablecastings. 

With the development of the electric furnace during 
rec'iit years the use of this furnace in conjunction with 
the cupola has been adopted somewhat extensively in 
An .erica. Owing to the very high cost of electric 
energy, the direct njpltiug of pig iron and scrap in the 
electric furnace is generally uneconomical! The use, 
however, of an electric fuinace as auxiliary to the 
cupola, in which the metal previously melted in the 
cupola is transferred to the electric furnace, eliminates 
to a large extent* the expensive initial melting period 
of the electric furnace, and affords an unparalleled 
means of controlling both the temperature and the 
com^sition of the metal. The atmosphere inside the 
electric furnace can be maintained either oxydizing 
or reducing at will, which allows of the manipulaion 
of the carbon content to very fine limits ; and by using 
a slag covering to the metal, refining in the shape of 
dephosphorizing and desulphurizing can be carried to 
an/extent required. 



CHAPTOR VI 

MOULDINCi—PRINCIPLES AND MATERIALS 

The proper control of the cupola in an ordinary foundry, 
and of the furnaces, crucible or reverberatory, in special 
work, is necessary for the production of metal which 
shall satisfy the special requirements of the engineer 
as mentioned in Chapter II. Of equal importance is the 
work of the moulder in the preparation of the moulds 
into which the metal has to be poured. Moulding is 
essentially an art, but the appreciation of the artistic 
side of moulding is unfortunately lacking in this coun¬ 
try, and from this standpoint British moulding com¬ 
pares unfavourably with that of the nations of more 
artistic temperament, Italy, France and Belgium. The 
making of the mould for an intricate casting is a work 
of art, and it is essential that a really good moulder 
should possess a sound knowledge, of all the materials 
in which he works and of the properties of the 
metal which has to be cast, as well as initiative, 
adaptability, manual dexterity, delicacy of touch, 
and in many instances a fair amount of physical 
strength. ‘ 

The making of a mould for casting is generally per¬ 
formed by means of a pattern, wMch is in most cases 
made of wood, but which may be of metal or plaster. 
This pattern, as made by the pattern maker, is usiially 
made in separate sections to facilitate the making of 
the mould by enabling the moulder to withdraw it from 
the Inould when made, and also to avoid the risk or 
possibility of.damaging the mould during this removal.- 
In fhe making of the pattern, allowance has be 
42 
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made for the contraction on cooling of the hot metal 
poured into tlje mould, and consequently the pattern 
is always a little larger than the finished article. 
Experience has shown that ordinarily contraction must 
be,allowed for at the rate of about J in. to the foot, 
and ill order to enable the pattern-maker to work 
directly from the ordinary measurements, special rules 
are made for the use of this trade in which this 
allowance is made so that a jiattern-maker’s rule 
apparently 1 ft. in length and divided similarly to 
an ordinary foot rule, is really 1 ft. -t- about J in. in 
Irngth. 

The chief material in which the moulder works is 
sand, and speaking generally, the essential property of 
the muuldei’s sand should be its capability of bonding 
together, or'retaining the shape into which it has been 
moulded, while at the same time it remains sufficiently 
porous to allow of the escape of the air in the mould, 
an ' of *he gases generated by the action of the hot 
metal upon it and its binding constituents ; and it 
must also be sufficiently refractory as to be able to 
withstand the very, hign temperatures to which it is 
subjected without risk of fusing, and be able to give 
a smooth and finished appearance to the surface of the 
casting. 

Sand suitable f^r moulding purposes is found in many 
parts of the country: Lancashire, Nottingham (Mans¬ 
field), Yorkshire (Doncaster), Derbyshire, Cheshire, 
Shropshire, the Efith District, Falkirk and County 
Do\\fi being some of the districts in which sand for 
‘various types of moulding are wtirked. ^ 

Sand consists mainly of silica, which is known to the 
chemist as silicon dioxide (SiO^), and which is found in 
a pure state as quartz or rock crystal, in grains in 
grq^ite and crystalline rocks, and in other forms as 
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agates and flints. The grits and standstones are mainly 
composed of silica grains which are hejd together by 
various cementing materials, while in sands the grains 
are free. Along with the silica there is in moulding 
sands an admixture of some clayey matter which gets 
as a bonding material, and renders it possible to mould 
the sand into the form required, and also enables the 
sand to resist the pressure of the metal as it is poured 
into the mould. Oxide of iron, in the ferrous state, 
lime and magnesia are found in varying quantities in 
sand for moulding purposes, and as these substances 
may readily combine with silica under the conditions 
of casting, and form silicates which are comparatively 
easily fused, it is necessary that the percentage of these 
substances should be as low as possible in sands for 
moulding. The size and shape of the grains composing 
the sand are also of importance, as it is obvious that a 
sand consisting of round grains of equal size cannot 
form as strong a mould as a sand consisting of irregular 
grains which can overlap and interlock. 

For the making of moulds of differing sizes sand of 
various qualities is required. As it romes from the sand 
pit, the sand is not in proper condition for the moulder’s 
purpose, as it may contain stones, patches of clay, and 
other material impairing its value. It is therefore 
riddled and then milled. In the olden days it was 
well trampled and turned until it haJ been thoroughly 
mixed, and each grain of silica covered with a fine 
coating of clay, which is the chief afln of the procedure. 
This is now accomplished by grinding the sand^in a 
sand mill similar to the mortar mill in common use. 
In one improved type of mill there is an overhead drive, 
the weight of the pan being carried on conical rollers, 
the pan also being driven by spur gearing in lieu of the 
ordinary bgvel gear, which is thus not' affected by jiny 
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wear which may occur on the rollers. The grinding wheels 
are so arranged that they can be set either on the bottom 
of the pan or at varying distances from it, thus producing 
different grades of sand according to the height and 
pressure of the wheels on rolling on the sand. In 
usual practice new sand, old sand and a quantity of 
coal dust or powdered charcoal are ground together. 
The latter is added for reasons which will be discussed 
Jater. The floor of a foundry is composed of a bed of 
sand suitable for the type of casting to be made, and 
of sufficient depth to provide a reservoir of sand for 
tut moulds, and if necessary lo allow of big castings 
being made in the floor. 

Sand is used in almost all moulding processes, the 
exceptions to be dealt with later. According to its 
condition in the making of the mould, and in its finished 
condition in tije mould before casting takes place, the 
different types of moulding receive their names. Moulds 
made in the ordinary damp sand without any drying 
previous to the metal being poured into them are said 
to be made in green sand, while castings made in 
moulds, which, first •prepared in green sand, have been 
thoroughly dried before the metal is poured, are termed 
" dry sand castings.” There are also large castings 
generally of circular or similar section to be made, for 
which the cost oi making complete patterns would be 
prohibitive, and the moulds for these are usually built 
up with brick and c^pvered with sand mixed with water 
into a stiff paste, so that it can be moulded by variously 
shaped boards or strickles rotating on an axis, or moving 
along guides into the shape required. Tnis method goes 
by the name of “ loam moulding.” 

If in the article to be cast it is required that ther6 
should be cavities or holes, that is, that the castings 
should not be solid, as in the case,-to take a very simple 
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example, of an ordinary pipe, it is necessary that in the 
mould this cavity should be filled with material which 
'will confine the metal into those channels which will, 
on the metal solidifying, give the required shape of 
article. These " inside moulds ” are termed cores, 
and core making as a matter of fact is a special branch 
of the moulder’s art. The question as to whether a 
mould should be made in green or dry sand is primarily 
a question of cost and finish, the amount of machining 
to be done on the finished casting, and the type of 
moulder available for the work. 

The general principle in moulding is that the pattern 
of the article to be cast is embedded in the sand pro¬ 
ducing its shape in the moulding material, and then, 
the pattern having been removed, the cavity is filled 
With molten metal. All the appliances and methods 
of the foundry are focused to this end.. The mould 
is generally made in a box or flask which may be built 
up in sections made to fit over each other and to fasten 
securely together for the jjurpose of confining and 
strengthening the sand mould (Fig. 5). Moulding 
boxes may be made either of wbod or iron, but in 
ordinary practice metal boxes are commonly used, as 
they are capable of standing more severe treatment 
and do not warp as wooden boxes do. They are made 
of all sizes and of a variety of shapes, in section round, 
square, or rectangular, or a combination of all three. 
Most patterns may be moulded in two boxes, an upper 
and a lower box, often termed the cope and the drag, 
but in many instances it is nece.s.sary to have ether 
boxes fitted intermediately between the cope and the 
drag to accommodate the pattern satisfactorily, and 
such an arrangement is known as a nest of boxes, the 
intermediate boxes being technically termed "mid 
parts,” 
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In the construction of boxes cross-bars are intro¬ 
duced from one side of the box to the oirposite side to 
‘assist in holding the sand. In drags, which may retjuire 
lifting or moving when the pattern is made in them, 
the bars are formed with their flat side along the plane 
of the length of the box, while in the cope which may 
have to be lifted off the pattern and turned over, the 
bars are edgewise in the box, the flat side of the bar 
being almost the depth of the box with the inside edge 
narrower than the outside. This arrangement furnishes 
great support to the sand and enables it to withstand 
the extra handling necessary. Middle parts are made 
without bars but with a flange round the inside of the 
box. The edges of the boxes which have to be fitted are 
planed so that a true joint may be made. Unless this 
is done there is always danger of metal escaping and 
forming a fin on the casting or even running out of the 
mould altogether. Boxes have to be rigidly and 
accurately fastened together and this is ensured by 
providing each box with a series of lugs, the lower one 
carrying kn upright pin and the upper one being drilled 
to slip over this pin easily but without any looseness or 
play. A cotter passing through the pin locks the 
two boxes together. Frequently boxes are fastened 
together by means of cramps, one end of which 
passes under the box and the other ‘over the edge of 
the. cope, the requisite firmness and rigidity being 
obtained by means of wooden or wrought iron wedges. 
Handles of some form have also to form part of the 
furnishing of the box, to enable it to be lifted or tufiied. 
These may be either straight projecting rods, or shaped 
pieces generally cast on to the sides of the box. Boxes 
which have to be lifted by the moulder are made as 
light as is con^stent with rigidity, as even a compara¬ 
tively smMl box vyhen filled with sand is of considerable 
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weight, but in larger boxes which will require to be 
moved by meehanical means, the sides and parts are 
mad# thicker as the boxes come in for much more 
severe handling. 

The procedure of moulding in its simplest form is 
as follows; Take, for example, the making of a solid 
round casting, the pattern of which is divided longi¬ 
tudinally along the centre, the two halves when together 
of course making the complete pattern. One-half of 
the pattern is placed on an iron or wooden plate, with 
its divided face downward, and the bottom box open 
Side downwards is placed ovei it. Sand is gradually 
placed over the pattern, and rammed or pressed into 
shape with a tool, this process being continued till the 
box IS filled. The other half of the pattern is treated 
similariy*’in the upper part of the box. These two half¬ 
moulds, having been turned over to allow of the extrac¬ 
tion of the pattern, are now fitted together and tightly 
cramfiea or otherwise fastened. In the construction of 
the mould channels or passages have been made whereby 
the molten metal may enter and the air may leave 'the 
mould. The metal‘being now poured in through one 
channel, quickly fills the mould, expelling the air through 
the exit passage, and rises up this channel showing 
that the mould is full. In a little while the metal will 
have solidified, a>od the boxes are loosened from each 
other, the sand knocked away from the casting, ^nd 
the extra pieces of^ metal which have solidified in the 
entry and exit channels are broken off. All necessary 
precmutidns having been taken ^nd the work properly 
done, the resulting casting will be a perfectorepresenta- 
tion of the mould, and will be ready for the next process 
of manufacture or for use. If in place of a solid casting 
a hollow one is required, a similar procedure is followed, 
wilii the*further process of fixing, when the pattern 
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giving the outside shape is removed from the mould, 
a sand mould or core, which completely fills the space 
'to be left unoccupied by metal, being the shape und 
size of the inside of the article to be cast. After the 
cast, the core is at once broken up and removed fsom 
the inside of the casting. 



CHAPTER VII 

METHODS OE WORK—MOULDING TOOLS 

HaVino obtained a general idea of the principles of 
moulding, it is now necessary to go further into the 
details of each operation and the reasons for any 
particular method of working. 

It has been mentioned that various qualities of sand 
are used, and the first operation of moulding consists 
in placing round the pattern a mass of sand of the 
texture requisite to produce a sufficiently strong face 
on the inside of the mould to obviate the possibility of 
the imnsh ol the molten metal breaking down the face 
of the mould at any point. This special quality of 
sand goes by the name of facing sand, and of course 
consists of sand with a high bonding property. It 
ma\' be mixed with a proportion of the floor sand, 
aci.ording to the strength of the particular mould face 
and the character of the finish required on the casting, 
and also according to the character of the new sand 
brought into use. Yhe satisfactory face having been 
obtained round the pattern, in which the moulder is 
guided by his past experience, the remainder of the 
moulding box is filled up with the sand from the floor 
of the foundry. * 

The ramming of the mould is one of the special points 
in moulding practice. Insufficient ramming means that 
soft places will be left in the mould, resulting in all 
prolfebility in the washing out of such soft places when 
the molten metal flows past them, or to flheir sinking 
as a result of compression due to the weight of the 
metal lying against them, forming bulges and scabs on 
the casting; but on the other hand, any part of the 
radlald which has been over-rammed, or rammed too hard, 
51 
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will have become almost non-porous, and this will prc- 
-vent the escape through the sand of the gases and steam 
generated by the action of the heat on the sand and 
its binding materials and cause faulty castings, due to 
entrapped gases forming blowholes and like defects. 
Boxes are rammed up by means of tools technically 
described as " rammers,” and these are of various sizes 
and shapes. For small work, and in ramming the sand 
round the pattern, tapering, blurrt-ended, or rounded 
rammers are used, the length of the handle depending 
upon the portion of the mould to be rammed, and the 
amount of ramming required to be done, while in ram¬ 
ming the sand for the filling of the box or for preparing 
the sand bed in larger moulds, round or rectangular 
rammers arc used. Upon the type of work to 
be done depends the weight of the rammer used, and 
the quality of the work performed, that is, the perfect 
binding of the sand grains, and the certainty that 
porosity has not been destroyed, is judged by the moulder 
in the feel of the ramming, a knowledge that only comes 
of long practice and experience. The amount of 
energy expended by the moulder in the ramming of 
large moulds is very great, and by the introduction of 
pneumatic rammers this work can be very much re¬ 
duced, but these tools are open to the objection that 
the moulder cannot to the same degree “ sense " the 
condition of the sand as he rams. For this reason it is 
often preferable that the facing sand be rammed by 
hand, even if the rest of the mould be raiiuned by the 
tool. In recent years ivith the introduction of machines 
for moulding, the actual ramming of moulds by hand 
' labour Kas been largely eliminated, and (especially in 
.^the United Spates) is performed by mechanical jarring 
or pressing methods. This will 1m further dealt with 
in .the chapter on machine moulding. 
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It frequently happens in the filling of the boxes that 
there are large quantities of sand betwden the pattern 
and the sides of the box. If no means of suppcading 
this sand other than its inherent binding properties 
after ramming were available, there would be great fisk 
that when the finished mould had to be lifted or moved, 
such masses of sand would break loose by their own 
weight not having sufficient cohesion to hold together. 
To prevent such disaster properly supported rods and 
bars of iron, technically termed " gaggers,” are 
introduced into those parts of the mould requiring 
support, and the fixing of these calls for thought and 
ingenuity. It will be readily perceived that many 
possible castings require ingenious devices for holding, 
strengthening, and maintaining in position intricate 
overhanging parts, the success or otherwise in dealing 
with which depends entirely on the individuality of 
the moulder, and readiness in dealing with problems 
of this type is one of the attributes of a skilful moulder. 

In many moulds there are often flanges or projecting 
portions in the interior, which without good support 
would be in danger of being broken off by the incoming 
mfetal. The necessary support in such cases is given 
by strengthening the projecting parts by sprigs, which 
are nails from 3 to 6 ins. in length, pushed from the 
front of the projection into the mass of sand behind, 
the holes then being mended up. 

As mentioned in the previous chapter coke or other 
similar material is ground up with the sand in the mill. 
This is done so that the particles of sand may notffcome 
in actual contact, and so to obviate the risk of the intense 
heat of the molten metal fluxing the grains together 
apd forming a glass-like slag which might adhere to 
the ou|er surface of the metal and cause it to become 
..a spoiled casting. It will be readily appreciated <that 



Fig. 7. 

PATTERN FOR GAS ENGINE CYLINDER 
(The Campbell Gas Engine Co., Ltd.) 
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when the metal is poured into the mould on its com¬ 
pletion, the action of the tremendous heat upon the 
moisture in the sand, and on the carbonaceous sub¬ 
stances which arc mixed with the sand will produce 
large volumes of gases of various descriptions. Unless 
the gases thus formed are enabled to escape in some 
other direction as rapidly as they are formed, they will 
endeavour to escape through the metal itself, and in all 
probability bubbles of these gases will be entrapped in 
the cooling metal and form blowholes in it, even if the 
force of these escaping gases did not violently expel 
the metal from the mould to the great danger of all 
concerned. 

Therefore the mould being rammed up, it has to be 
made certain that sufficient channels of escape arc left 
for these gases to make their way through the sand, 
and the more rapidly these are conducted away, the 
greater likelihood of a successful ending to the opera¬ 
tion. These channels of escape are termed, in foundry 
language, “ vents,” and are made in the sand by means 
of venting tools, which are simply wires or thin bars 
of iron of varying thickness, whicl) are thrust into the 
sand almost to the face of the pattern. On withdrawal, 
long holes or channels are left in the sand, by means 
of which these various gases are enabled to make their 
escape. 

In the case of large castings made in the floor of the 


foundry, a bed of coke is frequently laid under the 
mould so that the gases generated at the bottom may 
have an easy way of escape. A sufficient thick¬ 
ness of sand- to support the mould is laid on' the' 
top of the coke and rammed, the venting rod being 
driven tluough this into the coke, the holes being 




Fig. 8.. 

PIT DUG AND BED PREPARED 
(The Campbell Gas Engine Co.. Ltd.) 
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being at the same time sufficiently porous as to allow 
the gases to penetrate to the coke bed, from which they 
are conducted away by means of pipes the lower end 
of which are in touch with the bed of coke. 

The mould being so far made, it is necessary to renlovc 
the pattern. The part which has been rammed is now 
turned over by the moulder, and the plate removed ; 
so that the flat side of the half-pattern is visible. The 
drawing of this pattern is a procedure needing great 
care, and various means are adopted to perform the 
•operation. In small work a thin bar may be fitted 
into a hole in the flat surface of the pattern, while the 
heavier patterns are arranged with hooks or lifters of 
various designs so that they may be lifted, often by 
means of the crane. Judicious tapping of the pattern 
sufficiently detaches it from the sand, when it is most 
carefully and steadily drawn out of the mould. It will 
be obvious that any violent or irregular movement in 
the tapping or withdrawal will prejudicially affect the 
mould, causing it either to be bigger than the pattern 
in the direction of the force of the blow, or drawing 
away the sand from the face of th^ mould, necessitating 
mending. It will also be obvious that such ramming 
as would cause the sand so to adhere to the pattern 
that tapping would not cause separation will be detri¬ 
mental to the quality of the finished mould. There 
are, however, frequent occasions when, in spite of the 
care taken, certain portions of t^c mould are not in 
perfect condition when the pattern is withdrawn, and 
the moulder has to ipake these portions good. la the 
doing of this he uses a variety of tpols, which are of 
special shapfe and size to suit different forms and sizss 
of moulds. Trbwels, which may be rectangular, tapered, 
dr heart-shaped,* and smoothing tools termed " sleekers," 
of .which there Is a great variety, are the chief tools 




Fig. 9. 

PATtERN IN'POSITION 
(The Campbell Gas Engine Co., Ltd.) 
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used An idea of these various tools is given in Fig. 6. 
SleekerS are used to finish off the surface of a mould 
when trowels could not be used, as on curved or narrow 
sections. 

The surface of the mould when perfectly made and 
repaired is now under ordinary conditions covered with 
a coating of blacking, which consists of a preparation 
of charcoal, plumbago, gas carbon, oil carbon, coke or 
coal dust, and this is either applied as a fine powder to 
adhere to the damp surface of the mould, or as a liquid 
mixed with adhesives such as clay, gums, or molasses. 
The object in view in using blacking is to prevent the 
molten metal coming into actual contact with the 
grains of sand, and possibly fusing them together, and 
thus to ensure the making of castings with a good 
“ skin ” or surface. The blacking must be composed 
of material which possesses a high degree of infusibility 
and is at the same time sufficiently porous as not to 
affect the porosity of the sand in the mould, and for 
these reasons it is made of some form of carbon as 
above stated. The blacked mould is finally sleeked so 
that the blacking may lie evenly (m the surface and be 
of the requisite thickness in all parts. 

Should the mould be now required for a dry sand 
casting it has in addition to be dried in an oven, and 
in this operation the moisture is driven out from the 
sand leaving it much more porous. A stronger sand is 
in general used for dry sand casting than for green, 
and the mould will bear closer ramming and require 
less venting b.ecause of the greater porosity of the (iried 
mould. IttoWill be appreciated that the drying of a 
mould adds to the cost, and necessitates the removal 
of the mould into an oven. So the practice of “ skin 
drying" is now'very largely adopted. This process, 
“which is cheanep' than drvine altosether. and wljjch 




Fig: 10. 

PATTERN REMOVED 
(The Campbell Gas Engine Co., Ltd.) 
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can generally be done without removing the mould, 
consists in applying heat to the surface of the mould, 
artd drying that, while the parts of the mould remote 
from the surface are left in the green state. The heat 
may be applied by means of oil burners or jets of pro¬ 
ducer gas, and moulds thus treated give equally good 
results in the majority of cases as if they had been 
entirely dried. 

The mould giving the external shape and dimensions 
required having been prepared, the cores necessary for 
the internal shape and size are now fixed. Wlierever 
it is possible in the making of a pattern, a piece of 
wood representing an extended portion of the section 
of the core required to occupy the internal cavity is 
fastened in position on the outside of the pattern and 
this when imprinted in the sand affords a fixing place 
upon which the core can rest in correct position. These 
projecting sections are named “ prints," from the fact 
that they imprint in the mould the correct position of 
the core, and are illustrated in Fig. 7. To ensure the 
correct fixing of the cores, it is frequently necessary to 
place the upper part of the box 'upon the lower, and 
then remove it for examination. Adhesion between 
the two faces of sand is prevented by a thin layer of 
sharp sand, devoid of bonding properties, which is 
technically called " parting sand.” The cores, having 
been accurately placed in position, have to be firmly 
fixed so that during the flowing in of the metal, no 
movement is possible, as otherwise the internal dimen¬ 
sions of the casting would be different from wha1|‘ was 
required, afid the casting would be defective. It will 
be readily appreciated that in the case of a lon^ core, 
a pipe.ccare for example, supported at both ends on 
prints, the pressure of the heavy molten metal would 
float the yielding centre portion of the comparatitjely 



Fig. 11. 

CORES IN POSITION 
(The Campbell Gas Engine Co., Ltd.) 
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light core upwards towards the top of the mould, giving 
a thick section of metal at the bottom of the mould, 
and a correspondingly thin one at the top. To prevent 
this occurrence, small pieces of metal called “ chaplets,” 
of various forms and of the precise thickness required, 
are fixed between the core and the mould where any 
movement may be expected. These cliaplets are used 
to ensure that the core keeps its correct position in 
relation to the rest of the mould, and the fixing of 
these calls for thought and adaptability on the part of 
the moulder, and for great care in manipulation. It 
is essential that they should be placed where they are 
of maximum value for the purpose, and in such a manner 
that when the pressure is applied the chaplets are not 
forced into the surface of the mould, or break the skin 
of the core. It is often necessary, where great pressure 
is anticipated, to reinforce the chaplet by a rod passing 
through the outer part of the upper box to the chaplet, 
and fixing the outer end of the same firmly. It is par¬ 
ticularly desirable that the chaplets should be free from 
moisture and rust, as otherwise the presence of these 
would, by the generation of gases'under the extreme 
heat, tend to produce blowholes and porosities, or to 
prevent the complete welding of the chaplet into the 
casting. Cores having been accurately placed and 
securely fixed, the upper box being iff position above 
the lower, the mould may be considered as almost com¬ 
pleted and ready for casting. It veil be easily tmder- 
stood, however, that any separative movement of the 
boxes during the pouring of the metal into the mbuld 
would be d5sastrous to the casting itself, and wpuld 
probably cause injury to the men near the mould, The 
boxes consequently have to be securely fastened to¬ 
gether. How gj“eat the pressure tending to cause 
'separation is iji any particular mould can be calculated. 




THE COMPLETED MOULD 
(The Campbell Gas Engine Co., Ltd.) 
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Fluid pressure is proportioned to the height and density 
of the liquid, and is easily exprcssed in lbs. per sq. in. 
For example, if the height of the pouring basin above 
the top of the casting in the cope be '8 ins., and the 
upper surface of the casting has an area of 2 sq. ft., 
the pressure of the molten metal on the cope would be ■ 
8 X (2 X 144) X -261 lbs. (1 cu. in. of iron weighing a 
little over J lb.), which would give an upward pressure 
of nearly cwts. on the cope. Consequently the cope 
will require to be weighted down to that extent (includ¬ 
ing its own weight), to prevent any liflir.g during cast¬ 
ing. Frequently weights are distributed on the top of 
the mould to effect this, but a better way is to clamp 
the boxes rigidly together. In huge castings made in 
the floor, the upper portion of the mould having bars 
or beams placed across it, is securely held by tie rods 
and links which connect the bars or beams across the 
top to similar beams or grids which have been pre¬ 
viously fixed under the bed of the casting. The 
series of photographs Figs. 7 to 13, kindly supplied 
by Messrs. The Campbell Gas Engine Co., Halifax, 
show in a very interesting manner*the chief operations 
and methods employed in the production of a mono¬ 
bloc cylinder casting for a vertical gas engine made in 
the floor of the foundry. Fig. 7 represents, the pattern 
and the numerous prints may be ^noticed. Fig. 8 
shows the 'pit dug and the bed prepared. Fig. 9, the 
pattern inverted in position on the bed. Fig. 10, 
the pattern rammed up and withdrawn and gates 
prepared. Fig. 11, the cores placed in position^and 
showing th* venting of each core by means of coke. 
Fig. 12, the mould ready for pouring. The metl)<)<l of 
clamping. Fig. 13, the finished casting. 

- In Iqam moulding, though the end in view is pre- 
xiselv.the same, the methods adopted in the construc^on 




THE FINISHED CASTING 
(The Campbell Gas Engine Co., Ltd.) 
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of the mould differ from those just described in 
several important respects. As mentioned in Chapter 
VI, this method is generally applied to those articks of 
circular section and large size, the making of wooden 
patterns for which would greatly increase the cost, 
and which may not be required in large numbers. 
Being large, the mould and core are usually built of 
brick upon a foundation plate of sufficient strength to 
carry the whole mould when completed, and strength¬ 
ened and supported by ties or iron plates. The 
brickwork is formed roughly in the shape of the mould 
and core desired, and venling is obtained by allowing 
joints of from | in. to 1 in. filled in with loam which 
is used in lieu of mortar as in ordinary building. This 
being completed the whole is daubed over with coating 
loam and fashioned to shape by means of a sweep, 
which is a board cut to the required shape, revolving 
on a vertical spindle fixed in the centre of the mould, 
being finally completed with finishing loam, which is a 
loam of smoother consistency than that used for the 
rough coating of the mould. Both core and mould 
are now well dried, carefully fivted into position, 
and the mould closed ready for the pouring of the 
metal. Allowance for contraction during the cooling 
of the metal has to be made, otherwise, were the core 
made too rigid and unyielding, great sisk of the metal 
cracking because of the stress thus placed upon it 
would be run. A number of loam bricks arc therefore 
built into the structure of the core along with the 
ordinary bricks, and tjicse allow of its yielding ta«the 
pressure exe>ied upon it by the contracting casting. It 
is £dso a wise precaution to break up the core as soon 
as possible after the casting. 



CHAPTER VIII 

MOULDING (cantd.)—inz completion of the process 

During the making of a mould as so far described no 
account has been taken of tlie means adopted for filling 
the mould with metal. This however is one of the 
most important points in the whole process, and many 
castings have been spoiled by insufficient attention 
being paid to this part of the work. Coincidently with 
the making of the mould as already indicated the 
moulder must decide the position, the shape, and the 
size of the channels by which the molten metal will 
enter the mould, and proceed with the nuking of these 
channels as his work progresses. Horizontal passages 
nude to admit the metal are termed ingates or runners, 
while downward passages are called downgates, and the 
metal is first poured into a basin hollowed in the sand 
and termed a runner basin. Frequently the runner 
basin has to be formed on the top of the cope or upper 
box so that there msfy be a sufficient head of metal to 
completely fill the mould which may reach almost to 
the top of the cope. These channels must be arranged 
so that the metal may enter the mould as quietly, and 
yet in many cases* as quickly as possible, and in such 
a fashion that the risk of breaking down the sides of 
the mould is reduced^to a minimum. It will be evident 
that if the metal enters the mould so slowly or at such 
a position that thin sections have ^me to solidify before 
the mould is full, or that the metal solidifies before 
completely filling any section, or if dirt is carried into 
the mould by the rush of the metal and becomes em¬ 
bedded in the casting, such castings will be wasters. 
An<Vs the metal solidifies from the outside inwards, if 
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no arrangement is made to continue feeding metal into 
the interior of a thick section after the outside may 
have solidified, there is the probability, metal shrinking 
on solidification, of there being a spongy mass of metal 
of no strength in that particular section, or even a hole 
in the centre of that thicker portion of the casting. 
These points have to be considered, and such disposi¬ 
tions made as will ensure the soundness of a casting. 
That the metal may enter quietly, it is admitted into 
the mould under the following conditions. On being 
poured into the runner basin the metal overflows on one 
side into the downgate, falling into a smaller basin out 
of'which it flows along the ingate into the mould. If it 
enters the mould at the upper portion the arrangement 
is termed top gating, but if there should be any risk 
that some part of the mould might possibly be broken 
by the impact of the molten metal on entering, the 
downgate is made longer and the metal passes into the 
mould at its lower end. This is known as bottom 
gating, and' the metal rises in the mould till it is 
completely filled. 

In the case of very deep ca?jngs a combination 
of the two methods is sometimes adopted, the 
metal entering at the lower gate forming a cushion for 
the top metal to fall on, and the falling metal preventing 
any solidification till the mould is ^completely filled. 
In making castings of thin section, the metal is often 
introduced into the mould by a series of runners termed 
a spray or sprue, extending possibly the whole length 
of the mould to mininiize the risk of the metal bepcming 
solid before reaching the extreme end of the moidd if 
fed by only .one runner. There are occasions when, 
.owing to the ^hape of the article required, e.g.’ a cog¬ 
wheel, thj metal cannot be introduced from the side, 
add in these cases it must be run in to the cent^p of 
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the mould. To effect this, the ingates instead of being 
straight as is usually the case are curved and of tapering 
form,' the wider end joining with the downgate and the 
narrow end entering the mould. By this means the 
mdtal can be run into the mould either from its 
upper or lower sides. Such curved ingates are 
named “horn gates,” and the tapering form of the 
pattern forming the gate allows of its easy withdrawal' 
from the mould. 

Rising from the top of the mould are channels some¬ 
what similar to the gates, which act as outlets for the 
air, which indicate when the mould is full, and which 
allow of the floating out of any dirt which might be in 
the metal. A basin similar to that of a runner basin 
is, generally formed at the top of such channel or riser 
as it is termed. The entry of metal into the riser 
basin is the sign to stop pouring. In large castings, 
or above any thick section, it is often necessary to 
arrange for feeding gates or heads to continue the 
supply of molten metal to the casting as the metal 
shrinks on solidifying. The narrowed entrance to 
the casting is kept’open by a rod which is worked 
upward and downward so long as the metal remains 
molten. 

The mould having been filled and the metal solidified, 
it is now necessary to break out the mould and take 
out the casting. In the case of small work this may be 
done in a very short,time after casting, but with larger 
castings some time must elapse before the mould can be 
touchtd. But this having been 4one and the runner 
gates, risers and feed heads having been brolten off, the 
casting is passed along to the fettler. His business is 
to clean off from the metal all the sand which may 
have adhered to it either from the mould or the core, 
andeto take off all projecting pieces of metal in the 
6—{14e6«) 
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form of runner and riser ends or of fins which are not 
in "the original design of the casting, aAd to render it 
presentable as a finished casting for the work which it 
will have to perform. Various means are adopted for 
the removal of sand from castings. Frequently if is 
done by means of a rattler, which is merely a revolving 
barrel into which the castings are packed so that while 
they are free to rub against each other, excessive 
jolting is avoided. The shaking and rubbing loosens 
and dislodges the sand, which falls out of the barrel, 
and it is an apparently singular fact that cast iron 
castings which have undergone this treatment are 
stronger than they were when put into the machine. 
Probably this is brought about by the vibration to 
which they have been subjected releasing some of the 
stresses which have been set up among the crystals 
during the period of solidification and contraction, and 
by thus enabling them to adjust themselves to more 
normal conditions produce a stronger material. In 
some instances a wire brush may be all that is required 
to remove the sand, while in some shops the sand blast 
is used for the purpose. This consists in driving a 
stream of fine particles of sand against the casting by 
means of a powerful blast of compressed air, the work¬ 
man of course requiring protection from the flying sand, 
some form of helmet and respirator providing this. 
Another method sometimes adopted is that of pickling 
the castings in dilute acid, generally sulphuric, which 
loosens the sand from the metal, after which the castings 
are swilled with water. For the removal of al? pro¬ 
jections of'taetal not required on the casting, the fettler 
uses hammer and chisel, or a pneumatic chipper, or an 
•emery wheel or file according to the class of casting he 
may . be engaged upon, and having finished his work, 
the-casting as such is completed. 
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A large number of the castings thus made have to 
have further 6perations in the form of machining or 
drilliftg performed on them in order to properly fit 
them for the special place they have to occupy in some 
machine, and for the particular work they have to 
perform, and these castings are now taken to the 
machine shop for this further treatment. But a con¬ 
siderable number are practically ready for the work 
they are designed to do when they leave the fettler’s 
hands, and in these cases it is frequently necessary, 
before these articles are allowed to leave the foundry 
as perfectly finished castings, to treat them in some 
manner so that they may be preserved from rusting 
and at the same time to give them a good appearance. 
Various methods are employed for this pu’^pose. Some 
castings are painted, frequently with red oxide paint, 
while others are exposed to the smoke from turpentine, 
and become covered with a fine deposit of carbon, 
while still others are dipped in hot tar, which, forming 
a film upon the outer surface, effectually preserves it 
from the action of the damp atmosphere. A further 
method introduced by Hans Renold consists in heating 
up the castings to a temperature of about 500° C. and 
then immersing them in linseed oil,- which, forming a 
fine coating on the smface of the metal, acts as a rust 
preventative and^gives a finely-finished appearance to 
the casting. This method was used largely during the 
war for rust-proofing bombs and hand grenades. 



CHAPTER IX 

FOUNDRY EQUIPMENT 

In even a small foundry the amount of material which 
has to be handled is very considerable ; and frequently 
heavy weights in the form of boxes, moulds, castings 
and the like have to be lifted and conveyed from one 
part of the foundry to another. It will be obvious that 
in order to accomplish this removal and transport, 
mechanical means of high efficiency will be required if 
the work has to be economically and quickly performed. 
It therefore follows that cranes of various types are an 
essential feature in most foimdries, and according to 
the size and weight of the castings produced at any 
foundry will depend the capacity of the cranes required, 
which may range from 1 to 50 tons. The kinds of 
crane in general use are the overhead travelling crane 
running on rails from one end of the foundry to the 
other, and traversing from side to side, so that service 
may be rendered when required in any part of the 
shop, and jib cranes of various designs, which are 
generally fixed to the side of the building, and serve 
an area conunensurate with the length of the jib. These 
cranes may be manipulated by hand power, or may be 
driven by steam, hydraulic power, or electricity. In 
many foundries there are still to be seen the hand-worked 
crane for even heavy weights, but in modern practice 
the hand crane, being slow in movement and reqftiring 
the attentibn and energy of several men, is superseded 
by some form of mechanically driven crane, which 
besides being quicker in its movement, is under the 
- absolute cqntrd of the driver. A foundry crane must 
be‘SO designed that it will respond readily to all^the 
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demands made upon it, and that its work can be per¬ 
formed with an entire absence of jerkiness. When it 
is considered that a portion of its work may consist in 
drawing large patterns out of moulds, or in carrying 
molten metal from the cupola to the moulds in varidus 
parts of the shop, the demand for absolute steadiness 
in working is a very important one ; and so, generally 
speaking, the mechanically driven cranes are actuated 
by either hydraulic or electric power. 

Foundries which may be engaged in producing nothing 
but small castings, may not find it necessary to have a 
crane service, but a service of tracks running on the 
beams of the building or on special runways may be 
sufficient to deal with all the weight that has to be 
handled, while in other instances a narrow gauge tram¬ 
way running the length of the shop may be of great 
service. But in the majority of cases cranes are a 
vital necessity, and in many well-organized foundries 
all three methods of crane, runway and tramway are 
installed to secure that transport may be speedy and 
efficient. Slow-moving lifting and carrying appliances 
have frequently the effect of locking up moulding space 
and limiting output, while an efficient crane or transport 
service may render it possible for a smaller foundry to 
have an output equal to a larger one not so well served. 

A very important part of the foundry equipment 
arid management has reference to the chains by which 
the heavy articles to be dealt with,are attached to the 
crane. These chains are affected oft-times by the 
varying temperatures ,to which they are subjected? and 
as a result v>f the repeated stresses to which the chains 
are subjected by continual use, the material of the 
chain becomes gradually fatigued, in which condition 
there is considerable risk of premature breaking. In 
the event 'of a chain breaking, the result may bp a 
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disaster, men being killed or injured, and much material 
damage may be done, so that it is absolutely essential 
in the interests of all concerned that chains should 
regularly be subjected to the most particular scrutiny, 
and in order that all strains may be released and the 
chain rendered safe, that proper normalizing^ of all 
foundry chains should take place at stated intervals, 
preferably every few months. 

Where it is possible to pass the chains round the 
mould or casting it is usual to sling the articles with 
chains only, but this can only be done in the case of 
equally balanced or comparatively small boxes and 
castings, and usually when it is required to deal with 
bigger moulds or irregular castings, a lifting beam is 
attached to the crane and the chains depend from 
this. A common form of chain has a large ring 
in the middle of the chain, by which it is attached to 
the crane hook, each half of such chain terminating 
with a hook. A heavy or unequally balanced mould 
which may require to be lifted is frequently built on a 
sufficiently large base plate, which, being attached to 
the lifting beam by chains, affords a ready means of 
moving the mould. 

A very important service rendered by cranes in a 
large foundry is the carrying of the large quantities of 
molten metal required by large castings. The metal is 
t^ped into ladles from the cupola, lifted by means of 
a sling, and carried overhead to the moulds. Smaller 
quantities may be conveyed by ladfes fixed on carriages 
running on the tramijay, or slung from the oveshead 
runway, bqt very often the physical strength of, the 
labourer is called into play in carrying shanks of metal 

■ * Normalizing consists in subjecting the .chain to a tem|iera- 
ture slij'htly in excess of its upper critical point, after which it 
is allo'tm to-cool down nonn^y in the air. 
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by means of carrying tongs. A hand shank is often 
employed when only small amounts are required, and 
these* are filled from a larger ladle brought into the 
foundry by one of the above means. These various 
types of shank and ladle are illustrated in Fig. 16. 

The ladles are usually made of steel lined with re¬ 
fractory material such as sand or loam. It is impera¬ 
tive that the Unings of all ladles should be bone dry 
before being used, as any moisture left in the lining 
will be converted into steam upon the pouring of the 
metal, such steam occupying many times the volume 
of the moisture, with its only way of escape through 
the metal which may be violently ejected under such 
conditions. Serious cases of burning have occurred 
through the use of damp ladles, and at the very least 
there is an unnecessary waste of material. Small 
ladles are poured by tilting with the tongs, but very 
large ladles which may carry amounts of metal from 
10 evds. upwards are generally tilted by means of a 
gear turned by a wheel, which ensures perfect control 
of the tilting movement. It will be plain that any 
occurrence which disturbs the steady pouring of the 
molten metal may be fraught with danger to aU the 
workmen in the vicinity, and consequently the geared 
ladle is a necessity in foundries making large castings. 
The pouring spout of a ladle is shaped in such a manner 
that an even unbroken stream of metal can be delivered 
into a small shank or into the pouring basin of a mould 
with absolute accuracy. 

. laaddition to the lifting and transporting appliances 
which in some form or other are common to ^1 foundries, 
there are many other articles of equipment which are 
equally necessary. The tools which have previously 
bedn dealt with in the chapters on moulding are fre¬ 
quently the moulder’s personal outfit, but there are 
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many other tools which are more or less necessary and 
which are provided as part of the proper equipment of 
the foundry. Shovels, sieves, riddles, bellows, lamps, 
buckets, pots and pans for holding water, parting sand, 
oil; wet blacking and claywash, brushes of various sizes, 
cramps, hammers, crowbars, fire baskets, barrows, nails, 
chaplets and gaggers are in constant requisition in the 
foundry, and in a well-organized department a sufficient 
supply of these tools is distributed over the shop. It 
will be easily realized that the proper distribution of 
these articles in the places where they can be most 
conveniently obtained by the moulder requiring to use 
any of them may have a very important bearing upon 
the quality of the work produced, and upon the time 
necessary for the making of any particular mould and 
consequently upon the output of the foundry. 

In large foundries, where great quantities of sand are 
regularly required, it is frequently found necessary, in 
additioii to having a mill for grinding and preparing 
the sand to install a mechanical mixer which mixes and 
moistens the sand to any degree required for any partic¬ 
ular operation, and *ome foundries have found it an ad¬ 
vantage to have large bins where these various qualities 
of sand can be stored in readiness for the moulder. 

The use of gas in drying stoves, core ovens, and for 
drying ladles aad skin dr 5 nng moulds has led to the 
installation in some shops of a gas producer plant. 
This consists of a furnace in which anthracite and other 
material, even to sawdust can be distilled, and into 
whirii a jet of steam is blown, \^hich, decomposing and 
uniting in various ways with the product^ of distilla¬ 
tion, give off inflammable gases such as carbon mon¬ 
oxide (CO), hydrogen (Hj), and marsh gas (CHj), which 
are led into the ovens and stoves and sometimes to jets 
placed where required in the shop, and there consumed. 
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No foundry can be considered satisfactorily organized 
unless proper arrangements are made for the safe stor¬ 
ing of patterns and boxes. In foundries which' form 
an integral part of an engineering works producing a 
special type of machine, the foundry work become^ to 
some extent standardized and it may be a comparatively 
easy thing to store the necessary patterns and boxes 
which may be required from time to time; but in a 
jobbing foundry where work of all descriptions may be 
produced, storage of boxes and patterns becomes a 
much more important proposition. Boxes are generally 
stacked in the yard, those of similar size and shape 
being placed together, leaving gangways between the 
stacks so that any box required may be expeditiously 
obtained. This usually necessitates the fixing in the 
yard of some form of crane, which is also often used for 
loading up the finished castings on to truck or lorry. 
The patterns being of wood have to be stored under 
cover, and an efficient stores-keeper, part of whose duty 
would be the correct numbering, cataloguing and storing 
of these patterns in their position in rack or on shelf, 
is an asset to the productive working of a foundry. 

One of the minor and still very important parts of 
foundry equipment deals with the preparation of the 
metal for the cupola. The pig iron as delivered at the 
foundry is too large in size for charging into the cupola, 
and in many instances the scrap which has to be used 
is in pieces which are too unwiel^ to handle. Con¬ 
sequently means have to be adopted for reducing the 
size of this material sp that its handling becomes <Jom- 
paratively easy. Frequently a sledge-hammer wielded 
by a muscular labourer is the means adopted to attain 
this end, but when heavy scrap is being used, mechanical 
iftean^ are employed. A heavy weight or tup is raised 
to §ome he^ht above the material by a crane or pulley 
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block, which, falling when the catch holding it is re¬ 
leased, crashes’ on to the pig or the scrap, effectually 
breaking it into pieces. Hydraulic pig breakers have 
also been installed in some large foundries. 

fti these days there is a tendency in the larger foun¬ 
dries, which appears to be a direct result of high labour 
costs, to adopt more extensive mechanical handling 
plant. The utility of conveyors, conveyor systems and 
similar mechanical devices will be readily conceived in 
large foundry plants and numbers of uses will suggest 
themselves. The adoption, more particularly in the 
larger American foimdries, of conveyor systems of sand 
handling might be mentioned as an example. It is 
interesting to note on the authority of an English expert 
who recently visited some American foundries, that it 
is not economical to adopt systems of this nature when 
handling quantities of sand of less than 100 tons daily. 



CHAPTER X 

MACHINE MOULDING 

In all other branches of the engineering world great 
advances in production have been made by the intro¬ 
duction of automatic or semi-automatic machinery, 
which is able to produce large quantities of articles of 
standard design and dimensions. Many examples of 
this development might be quoted, but it will suffice to 
refer to two only, which exist in the manufacture of 
screws and of the Ford motor-car, for which, every 
part having been designed of standard size and shape, 
machines which are almost perfectly automatic in their 
action, manufacture such parts with absolute precision 
and great rapidity. This method of manufacture results 
in a great reduction of working costs, and allows of 
articles being produced in immense numbers and at a 
much cheaper rate. 

Until quite recently, the question of standardization 
in the foundry has to a great extent been neglected, 
but the demands made during the four years of war for 
rapid manufacture and delivery, and the high rate of 
wages obtaining as a result of war conditions, which 
win in all probability become fixed, have Weed upon 
the foundryman the question of rapid production of 
articles of standard shape and size; and throughout 
the industry, great advances are being made in? the 
direction of^ reWeing lo its minimum the man-power 
hitherto usm in the foundry, and substituting machine 
for hand work wherever possible. Obviously, the intro¬ 
duction of machines or any other form of bulk produc¬ 
tion into any industry depends upon the number^jOf 
84 
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articles to be made. The initial cost of the machinery 
which may be* introduced into the foundry, and the 
greater expense incurred in the making of the patterns 
and tackle for use in connection with these machines, 
deiTiand that if the machines are to be used to advan¬ 
tage, the number of articles to be manufactured shall 
be large. This necessitates more extensive standardiza¬ 
tion of any article or piece of machinery than has 
hitherto been adopted, at any rate in this country. 

It has been customary, when considering the question 
of foundry efficiency, to make comparison of the methods 
adopted here with those in use in the United States of 
America. The extensive adoption of mass production 
in that country even previous to the war may be said 
to be due largely to two fundamental factors, the first 
being the very great extent to which the principle of 
stanaardization has been .iccepted and acted upon 
throughout the whole range of their engineering practice, 
thu,. alliwing of the most extensive introduction of 
labour-saving machinery and devices, and the second 
being the cosmopolitan character of the men who work 
in the foundries thfte. The importance of this factor 
does not seem to be appreciated at its full value by many 
who make these comparisons. Men of all nationalities, 
most of whom have gone to America with the fixed 
idea of financially improving their positions, work to¬ 
gether in American foundries. The consequence is that, 
while they are willmg to exert themselves far more 
than they otherwise would be prepared to do, they are 
also ieady to adopt any practice which offers to them 
the possibility of increased income, and therefore the 
management of foundries in that country are less 
troubled by the reluctance on the part of the employee 
to adopt new ideas and methods than seems to be the 
cas| in this country. 





IRON-FOUNDING 


, Mr. A. 0. Backert, lately the President of the Ameri¬ 
can Foundrymen’s Association, recentl 3 ' made a tour 
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of inspection in Great Britain and France, and in his 
address to that Association delivered in Philadelphia 
-fie pointed ,out "that the lack of standardiatiout, in 
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•English practice was the great bar to the development of 
repetition wosk in this country. He instanced as a 
conctete example a large foundry specializing in tlte 
manufacture of domestic baths. He stated that this 
particular firm had accumulated great numbers of 
patterns for these articles in their stores, a fact directly 
traceable to the varying ideas and fancies of architects, 
who so modify the designs of similar domestic fittings 
in their various contracts as to necessitate this accumu¬ 
lation of patterns, which in its turn compels the casting 
of individual articles and bars the way to the intro-, 
duction of mechanicalized mass production methods. 

The methods employed in mass production have 
developed slowly from the early days of the foundry 
industry. Originating with the standardization of the 
ordinary methods of hand moulding, gradual develop¬ 
ment has taken place, and machines have been evolved 
whkh can successfully perform most of the operations 
ofi'^nd moulding, till now we regularly encounter 
machines which are capable of ramming, drawing of 
pattern, turning over, and even of closing moulds under 
the control of a semi-skilled labourer. • 

It is interesting to consider the devices and methods 
which have evolved in the practice of moulding designed 
to facilitate rapid and economical production of castings, 
some of which, hcjwever, can scarcely be classed under 
the head of machine moulding. One of these methods 
is the use yf the snap flask, a moulding box generally 
made of hard wood,*hinged at one corner and fastening, 
with# snap or latch at the oppo^te corner. Generally 
small and light articles of no great depth are moulded 
in snap flasks, a procedme which is exactly similar to 
the making of a mould in an ordinary iron box. Snap 
flask moulding is done on the bench, and the mould., 
ha\jng be*n made, it may be placed on the floor in 
7—<i«s»> 
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proper position for pouring, and the snap flask is then 
taken off to be used again in the makihg of a similar 
mould. Tliis obviously will effect a great reduction 
in the number of boxes in use, and a saving of time in 
the fetching and returning of such boxes, and enable 
a workman to increase considerably the number of 
moulds he can produce. There is however the possi¬ 
bility of the mould thus made giving way when the 
metal is poured, and to obviate this such moulds when 
made are frequently placed in a trench prepared for 
them which is later filled up with sand round the moulds, 
or sand is piled up to the moulds to stiffen the sides and 
prevent a run out. Occasionally the moulds are held 
together by means of thin .sheet metal placed round 
them. This method gives satisfactory results on small 
castings when no great number of each is required. 

In the case of solid patterns having no flat surface 
which could rest upon a plate, it is necessary in order 
to hold the pattern to prepare a false top part, techni¬ 
cally termed an " oddside ” in which the pattern may 
be bedded and rest, while the bottom part of the mould 
is being made in the drag. The pSttern is placed in a 
prepared cope and bedded exactly up to the joint. 
The drag is now placed in position, and the bottom 
part of the mould is rammed and vented. On turning 
over, the false top part is removed and another top part 
with runner and gates is made. The usual drawing 
and finishing of the mould is proceeded with, and the 
mould having been completed, the “ oddside ” may if 
required be used again for the same purpose. But as 
a green sand oddside is somewhat fragile, it is advisable, 
a number of castings of the same pattern being required, 
to prepare a dry. sand oddside, which is often made with 
oil sand, and which will better withstand the necessary 
‘handling and turning. In the event of a greater nuiriber 
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of castings being required, it is often found expedient 
to make a permanent oddside for this continued use, 
which is done by using plaster of Paris. The procedure 
in this (jase is precisely the same as already outlined 
up to the taking off of the green sand oddside after 
turning. The sand is then knocked out of the false 
top part which is again placed in position on the bottom 
box. The joint of the boxes is carefully stopped to 
prevent any leakage of plaster, which, of the consis¬ 
tency of thick cream, is now poured over the pattern 
which has been previously oiled to prevent sticking. 
On setting, the plaster oddside is lifted off, and can be 
used for the production of a large number of moulds. 
In repetition work of this type, it will be apparent that 
the use of a permanent oddside of this description will 
result in the saving of a considerable amount of time 
and labour. 

An important step in the direction of rapid production, 
and probably the initial step in the introduction of 
machines for moulding, was made when the method of 
plate moulding was devised. Briefly this consists in 
fastening the half-patterns on opposite sides of a board 
or plate, with the flat faces exactly opposite to each 
other. This board becomes the turning-over board and 
is placed between the cope-and the drag, the drag being 
uppermost. This is then rammed and vented and the 
whole turned over. The top part is then prepared, and 
lifted off, leaving the top half of the pattern on the 
plate, which, in its turn being lifted, draws the other 
half of the pattern. Patterns for runners are also fxed 
on the plate so that when the plate is withdrawn, the 
boxes can be fixed together, the downgate and pouring 
basin made, and the article cast. 

-The plate or board for this purpose may be of wood, 
and if,.,only, a limited number of moulds have to Jie 
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produced, suc^ plates may be used with satisfactory re¬ 
sults, but with much use the dampness of the sand affects 
the wood, causing it to warp, when, of course, the plate 
becomes useless. Consequently, wooden plates are only 
used in cases where small numbers of articles have to 
be cast, and where the patterns can be easily and 
quickly fastened on the plate. Generally speaking, 
therefore, the plates arc made of iron, of which the 
upper and lower surfaces must be perfectly flat and 
parallel. A moment’s consideration will show the 
necessity of this. During the preparation of the mould 
the top and bottom parts of the box are separated by 
the thickness of the plate. Provided that the opposite 
surfaces of the plate are true and parallel, the jointing 
surfaces of the half-moulds, when brought together 
after the plate with its patterns has been withdrawn, 
will exactly fit to each other and produce a perfect 
jointjpg. But if, however, the two surfaces are not so 
prepared, the jointing made will not be so good, and 
there is then the possibility of metal penetrating between 
the jointing surfaeijs of the two halves of the mould, 
producing fins on the casting, or the upper part of the 
casting may be out of truth with the lower. 

Wooden patterns are sometimes fixed on to an iron 
plate,’ and in the case of patterns divided down the^ 
centre, one half must be fastened on its own side of 
the plate precisely opposite the other half on the other 
side. By having Aiwels longer than ordinary by the 
thickness of the plate, and passing through holes made 
in i^I it can be easily made cer{ain that tjie two half¬ 
patterns are exactly opposite each other in position. 
The patterns are then firmly secured to the plate. 
Wooden patterns are not commonly used except as 
above mentioned, when only a limited number of cast¬ 
ing are required, and when the making of a metal plate 
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with patterns would be too costly a proceeding. But 
for articles of which a great number are required, or 
for which it is reasonable to expect repeat orders,' it is 
better practice to have the plate and patterns cast 
together in one piece or to cast metal patterns and fix 
them to the plate. It is by no means necessary that a 
plate should be limited to one pattern. Several pat¬ 
terns may be fixed on a plate and moulded in the same 
box, due regard being paid of course to the making of 
suitable runners to each, but it is advisable when this 
is done to arrange that patterns should be used that 
do not vary in depth in the box to any great extent. 
If the patterns vary greatly in this respect, it will be 
easily understood how this variation increases the 
moulder's difficulty in making a clean draw of the pat¬ 
terns from the mould, and probably defeats the object 
for which moulding with plates was designed, that is, 
more rapid production of finished moulds. A variation 
of the above-mentioned method is sometimes intro¬ 
duced by securing the two halves of the pattern in cor¬ 
rect position on separate plates, in effect as if the plate 
carrying the patterns on opposite sides had been 
divided longitudinally down its centre. This allows of 
two moulders being at work on the same mould, one 
forming the upper and the other the lower parts of the 
mould which are then assembled in the brdinary manner. 

A further step in development was taken when 
machinery was designed which could perform some of 
the various operations which are comprised under the 
term moulding, in a satisfactory manner, and by'thus 
reducing thh physical demands made upon the moulder 
to increase the speed and the output. The two’ chief 
problems involved are the ramming of the sand and the 
drawing of the pattern, and machines for these purposes 
may Be either hand or power driven. Among the hand 
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machines are those whose purpose is to obviate the 
work of ramming, while the patterns are drawn as usual, 
while in another type of machine the ramming is done 
by hand, the pattern is withdrawn by the action of the 
machine. Machines combining both these features 
have been designed, but the greater number of this form 
of machine are arranged to be actuated by some form 
of power, which in the foundry is generally in the form 
of compressed air or hydraulic power. 

In the first type above mentioned, the machine is in 
the form of a press, the board or oddsidc or plate being 
secured on the stand of the machine and the box or 
snap flask being placed in position on this. The 
necessary facing sand is placed over the pattern, and 
the box is filled with floor sand to a little height above 
its edge. By the action of a lever a flat plate is de¬ 
pressed on to the sand, which is thus compressed around 
th(! pattern. The amount of sand required to fill the 
box Oii compression is easily discovered after a few 
trials. A reversal of the lever lifts the plate off the 
box, which is then stricklcd level with its edges, vented, 
turned over on a b^ard, and removed to make way for 
another box which is treated in the same way. The 
downgatc may be formed in the top part by means of 
a runner peg, or it may be cut out subsequently by 
using a pipe. • 

The disadvantage of the press is the unequal com¬ 
pression which is bcgind to occur because of the varying 
depth f'l sand in the box, on and around the pattern. 
Attempts have been made to overcome this difficulty 
by fixing shaped boards on to the pressure plate, thus 
to a great extent equalizing the pressure, but at the: 
same time considerably increasing the cost. 

A further improvement in ramming has been intro¬ 
duced by the designing of the jolt rammer, a machine 
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which can be used for all types of box moulding, heavy 
and deep work being satisfactorily rammed on it as 



Fig. 19. , 

JAR RAM MOULDING MACHINE 
(The Britannia Foundry Co.) 


well as light and shallow work. In this maching, pat- 
.terps, boxes, gaggers and all other mecessary parts are 
purely fixed en to i he table of the machine. The SMld 
is-thffl filled into, the box, and the table then receSres 
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the number of jars or jolts which experience has taught 
are required for the proper ramming of the sand of 
that particular depth. By these jolts the sand is driven 
against the plate and pattern, the ramming effect being 
most pronounced where it is required to withstand the 
subsequent pressure of the molten metal, while at the 
same time the sand is so evenly pressed together that 
very little use of the venting tool is needed, and many 
castings are made in moulds which, having been rammed 
on a jolting machine, are assembled without the venting 
tool having to be used at all. Machines working on 
this principle have been made which will satisfactorily 
ram very large moulds, resulting in a great saving of 
time and energy. 

In the second type of hand machine as previously 
mentioned, in which the pattern is withdrawn by the 
action of the machine, the ramming is frequently done 
in the usual way by hand. In the actual drawing 
itself there is a choice of two methods, the pattern 
being either drawn away from the mould which itself 
ii^fixed, or the reijprsc process may be adopted, dhe 
mould being drawn from the pattern, this being itself 
held rigidly. In either case it is customary to interpose 
a stripping plate between the pattern and the sand to 
hold the sand in position while drawing takes place. 
The stripping plate is usually a wooden plate, the centre 
or other portions of which are cut out to correspond 
exactly to the shajJe of the pattern or patterns, which 
are made greater in depth by the thickness of the plate 
to allow of their passing through the holes in the plate 
to their exact parting. The sides of the* cuts in the 
stripping plate are slightly tapered to allow of an easy 
draw, and the object in using a stripping plate, that is 
the prevention of the displacement of any portion of the 
mMd during the drawing of the pattern, an occurrence 
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which might easily take place if no preventive means 
were adopted, will be readily appreciated. 

• In the various machines arranged for drawing the 
patterns, the result is attained by several methods. 
In one machine the pattern is mounted on a plate 
which, by a downward sinking movement, draws the 
pattern through the stripping board until it is below 
the level of the box, which can be lifted off the machine. 
Another machine works on a different method, the 
pattern and box being clamped on a plate which can 
swing over by means of swivels at the centres of opposite 
sides or by arms which swing it over. The mould being 
rammed, the plate carrying the mould is overturned. 
A table forming part of the lower portion of the machine, 
and which can be elevated or depressed in a vertical 
manner by means of screws or levers, is then raised 
till it bears the box. This being undamped from the 
revolved plate to which it was fixed during ramming, 
now rests on the table unloosed from its patterns. As 
the table is lowered it carries with it the box, leaving 
the patterns on the revolving plate, which can be turned 
over to prepare another mould, the finished one being 
removed. In yet another type of machine the stripping 
plate lying over the pattern engages with studs on a 
lifting table under the pattern which remains fixe;(l. To 
draw the pattern a lever forces the lifting table with 
its studs upwards, thus raising the stripping plate and 
mould to a sufficient height to cle^ the pattern, and 
the box can then be detached from the machine. 

At first sight it does pot seem that a machine designed 
to draw th« patterns from a mould which may have 
been hand rammed would effect any great saving of 
time. But when it is considered that in most cases 
.when a pattern is withdrawn by hand or by crane it 
is algiost.impossible to get a perfectly clean dijiw 
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because of the conations, and consequently a greater or 
lesser amount ef mending is necessitated, while in the 
case of the machine draw, the rigidity of the machine 
and the steadiness of the movement during the removal 
of the pattern, enable perfectly-formed moulds to be 
regidarly produced, the great saving of time because of 
the greatly-reduced amount of mending required becomes 
apparent. 

Hand machines have been successfully designed which 
embody both the action of the press and the draw, but 
it will be understood that all the hand machines are 
only of use in the making of moulds of comparatively 
small size, any larger dimensioned articles are moulded 
on machines which are actuated by some form of power. 
In these machines the press, the revolving plate, the 
rising and falling table in some form oi other provide 
the principal features, and the motive power is usually 
either pneumatic or hydraulic. 

A vi-ry important and ingenious device which forms 
part of all power machines and is very frequently found 
on the hand operated machine is the pneumatic rapper ; 
which by a series sf rapid but light taps effectively 
detaches the sand from the pattern before drawing, 
exactly in the same way as the strokes delivered by the 
moulder as described in Chapter VII. 

The necessity U>r accuracy of fitting has been pointed 
out in dealing with the preparation of the plates and 
patterns for plate n^oulding. The same necessity exists 
in all forms of machine moulding, and the lugs of 
platae, stripping boards and boJ^es must be accurately 
drilled and fitted, as it will be obvious Ijiat any in¬ 
accuracy of fit on the part of the finished mould is 
absolutely fatal to the production of perfect castings. 

The possibility of obtaining the best results from 
anj machine introduced into the foundry does not 
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altogether depend upon the number of moulds that it is 
possible for it to turn out in any given time. In a 
great number of instances the machine-made moulds 
require coring, and the capacity of the machine is thus 
limited by the number of cores which can be produced 
for that particular mould, and again by the number 
of boxes which arc available for its special work. It 
follows, therefore, that a reorganization of the foundry 
•may be necessitated by the introduction of machines, 
and unfortunately it sometimes happened that machines 
have been condemned as not fulfilling their purpose, 
when owing to the conditions existing in that particular 
foundry it was not possible to utilize the machine to 
anything like its full extent, and thus reap the advantage 
which might have been obtained had conditions been 
favourable. 

It will be understood that in the event of any mould 
requiring cores these have to be fitted in the usual way, 
and in general the closing of the boxes still remains tc 
be done by the workman. 
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CORES 

Core-making is a separate branch of the moulder’s 
trade, as previously mentioned in Chapter VI. As its 
name suggests, the core of a mould is that portion 
which produces in the finished casting its internal shape 
and dimensions, or which cuts out metal leaving recesses 
or holes in the mass, and it will be obvious that accord¬ 
ing as the interior of a casting is required to be of 
simple or intricate form, so the core which forms the 
interior will be of simple or intricate design. A core 
may be so simple in its design and method of produc- ' 
tion that a boy may make it with great ease and rapidity, 
or it may be so involved in its construction as to tax 
the skill and ingenuity of a first-class workman and 
tiUce him many hours to complete. The same condi¬ 
tions of strength and,porosity which apply to the outer 
portions of the mould must be observed in the case of 
the core, but to a greater degree, for the simple reason 
that while in the outside portion of the mould the 
action bf the mct^ is felt on one face and a connection 
is easily maintained with the outer air, the core is often 
almost entirely surrounded by the molten metal, and 
the gases which haiTe to be led away can frequently 
only ^cape through a narrow section. This necessitates 
that in the making of a core it’is essenti^ to use a 
strong sand, and often to increase its binding power by 
using adhesive substances which are not required in the 
ordinary mould. Many different materials are in use 
for this Duroose, among them the substances known as 
99 
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core gums, which are generally made by treating starch 
or starchy materials with sulphuric acid, and other 
■gums obtained as by-products from the residue deft in 
the manufacture of wood pulp. Flomr of different 
kinds and resin have also been used, as also have treacle, 
yeast and some of the drying oils of different descrip¬ 
tions. These oils produce cores of a strong nature and 
are somewhat extensively used. It is also necessary 
that the porosity of the sand is of a higlily satisfactory 
character and the venting arrangements perfect. 

A further condition is imposed upon cores that does 
not fall upon the mould itself. The hot metal after 
solidifying contracts as the temperature decreases, and 
this exerts a tremendous compressive force upon the 
core from which the outer section of the mould is free ; 
and if the core be composed or built up of unyielding 
material, stresses are set up in the metal which may 
ultimately be of such magnitude as to result in the 
cracking of the casting, a phenomenon which has not 
infrequently happened. Consequently the core, while 
being strong enough to withstand the metal on its 
pouring, and being perfectly poroUs and well vented to 
allow of the escape of all gases generated, must be made 
of such a nature, either by reason of its own compres¬ 
sibility, or because of other means adopted to,reduce 
its size on the completion of solidification of the metal, 
as not to produce strains or cracks in the finished 
casting. 

Just as in moulding the sand may be used in different 
conditions and cores ,are designated green sand tores, 
dry sand cores, or loam cores according to the condi¬ 
tion of the material and the methods employed. Another 
classification of cores might be as to whether the pat¬ 
tern itself is made to produce its own core, or the cores 
ha'ee to ie inside separately from the mould and t^ien 
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fitted into position. The latter is the more general 
type, the former consisting mainly of those compara¬ 
tively* small circular or rectangular articles in which 
the internal section is fairly similar to the external 
section,- such as small wash boilers or tanks, the larger 
castings of such type being generally made in loam. 



Fig. 20. 

CORE MACHINE FOR CORES OF CIRCULAR SECTION 
* (^essrs. Geo. Green & Co.) 

As a general rule, the majority of cores are made separ¬ 
ately from the mould, and are classified as green sand, 
dry s*nd, or loam cores respectively. 

As cores have in most cases to be handled, it will be 
appreciated that this forms a difficulty in the case of 
green sand' cores which requue very gentle and delicate 
manipulation, and this factor enhances the value of dry 
sai^ cores which are capable of withstanding much 
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more handling than cores' in the green state. Never¬ 
theless green cores are successfully made, and in some 
instances afford the readiest means of dealing with 
contraction in those parts of the mould where other 
methods are not applicable. Very intricate and diffi¬ 
cult cores are frequently made in sections, cach’section 
forming a comparatively simple problem, and these 
are in some instances pasted together by claywash or 
core gum forming the complete core. In other instances 
one section may be fitted into prints formed in other 
sections, thus completing the core. 

Many cores, being supported in the mould in places, 
removed from each other, carry a considerable quantity 
of sand, which, as in the case of large masses of sand 
in the mould, would tend to break off or fall apart if 
not properly supported. To obtain this support, wires, 
rods and irons of sizes and shapes most suited to the 
purpose are fixed in the sand while the core is being 
made, and these serve to give to the core the strength 
and rigidity it needs. 

Cores of irregular shape or large size are usually made 
in wooden boxes, the interior shape of which is the 
counterpart of what the core is desired to be. Such 
boxes are made in sections which can be fastened to¬ 
gether either by staples driven into the wood, this, 
however, having a detrimental effect on the boxes, or 
by some form of latch, by which means the extraction 
of the core when made is a simple matter. Long thin 
cores which would tend to breaks if unsupported are 
strengthened by rods fixed along the centre while the 
core is being rammed up. In other cases core irons, 
which are vfsuaUy roughly of the shape of the core they 
are intended to support, and which are frequently cast 
on the floor 'of the foundry, are embedded in the sand. 
Core irons vary in shape and size according to 
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differing sizes and shapes of the cores, a common form 
consisting of a* bar with projecting arms on either side, 
while for large cores of circular or similar section the 
core iron may resemble a fire basket. 



Fig. 21. 

SECTION OF CORE MACHINE 
^Messrs. Geo. Green & Co.) 


The core-makei rams part of his box with sand, and 
then fixes his iron,*whicli he often dips in claywash to 
giv^greater .adhesion, in positiop and proceeds to com¬ 
plete the ramming of the core. The ven^ng has now 
particular attention for reasons previously specified, 
and the ’core is released from the box and usually 
treated with blacking generally in a liquid state. In 
c(jes of peculiar shape or of such section that it is not 
8—(nesB) 
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possible to vent by the use of the ordinary tools, special 
methods have to be adopted to provide' the necessary 
' {)assages for the escape of the gases. The usual method 
in such cases is to build into the cores lengths of wax 
taper or thread somewhat similar to the ordinary wax 
taper, care being taken that all the lengths placed in 
the core are in connection and leading to some external 
outlet. On the core being dried the wax is melted and 
absorbed by the sand, thus forming a series of channels 
for the passing of the gas which, when the molten metal 
is poured into the mould, are still further enlarged by 
the burning of the cotton or other fibres of which the 
tape or thread was cortiposed, thereby allowing ample 
room for the passage and escape of the gases. It is 
then placed in a drying stove until the moisture hasbeen 
completely evaporated from it. The drying of the core 
leaves it much more porous than before, and because 
of the binding material mixed with the sand,, much 
stronger than in its green state. Care has to be exer¬ 
cised in the drying of the cores that the temperature 
of the stove does not rise to a point sufficiently high as 
to affect the gums, or starches, or iftsins, or oils which 
have been used as binders. If this happens, the bond¬ 
ing properties of these substances will be destroyed and 
the core spoiled. It has been found that oil corgj are 
among the strongest cores made and ithey possess an 
advantage in that if not required as soon as they are 
dried, they do not absorb moisture from the atmo¬ 
sphere as cores made with other binders are liable to 
do. The consideration ,of the materials used as binders 
in cores gives special emphasis to the necessity of per¬ 
fect venting in this part of a mould. The effect of the 
intense heat' on these materials is to produce large 
amounts of gae, which if not able to escape by means 
of venting channels will seek other avenues of escapg. 
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which means, of course, through the molten metal, 
thereby increasing the possibility of blowholes and 
similar defects in the casting. 



Fig. 22. 

CORE STOVE 
(Messrs. Geo. Green & Co. 


Many castings require a number of cores, and this 
has led to the introduction of machines for the making 
of yie, numbers required. For instance, a large number 
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of cores of circular section and of various diameters are 
continually being used for such purposes as coring out 
•bolt holes and the like. These are generally made by 
means of a machine somewhat like the familiar sausage- 
filling machine in appearance, in which the sand is 
forced through a tube of the required section by a 
screw motion, emerging on to a tray which can be 
transferred to the oven when filled with the lengths of 
core necessary. The necessary venting is automatically 
secured by a hole running down the centre of the 
length of the core, which is made by a wire projecting 
beyond the point of the screw. Other forms of machine 
for core-making are similar to the press machines used 
in the making of moulds, while others again consist of 
boxes out of which the core can be pushed by lever or 
pneumatic power when completed. 

The majority of cores made in loam are of circular 
section and arc made by the use of core barrels which 
form the strengthening core irons. The cores for large 
pipes, for example, are fashioned on a core barrel, 
which is a hollow cylinder pierced with many holes on 
which loam is laid to the requisite diameter of the core. 
Previous to the application of the loam the core barrel, 
which is placed on trestles so that it may be easily 
revolved, is wrapped round with a rope made o^ straw 
which, burning when the heat of ^e molten metal 
reaches it, allows of sufficient contraction in the core. 
On the straw rope is spread loan^ plastered on while 
the barrel is kept in motion, till a sufficient amount is 
laid on to nearly givp the required thickness ofecore. 
A board is .then moved up to the revolving barrel and 
the loam, is of course swept to the correct siae. The 
usual treatment of blacking and drying follows, but it 
is needful to, be specially careful in the drying of loam 
cotes with straw band, that the straw is not chaij-ed 
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in the drying.^as this would leave a soft place in the 
core which would in all probability result in a defective 
castiflg. 

The type of stove in use for drying purposes will 
naturally depend upon the size and type of core which 
is being made. For small cores, stoves are made to be 
heated by gas and fitted with shelves for the reception 
of the cores, each shelf of which can be withdrawn-for 
filling or emptying without disturbing any other shelf 
and with no appreciable loss of heat. Larger cores 
will necessitate the provision of larger stoves with the 
necessary shelves or trestles upon which the cores of 
varying dimensions and shapes can rest while in the 
process of drying. Modern stoves are frequently heated 
by producer gas, but heating by means of coke or coal 
is still carried on. 



CHAPTER XII 

PERMANENT MOULDS 

The whole of the moulding which has been dealt with 
in the previous chapters has been in connection with 
sand. Because of its refractoriness and the bonding 
properties which it possesses sand, as has been seen, 
leh^ itself to the production of moulds which have to 
withstand the high temperatures of the foundry. But 
sand moulding has one outstanding defect-, which is, 
that after one single casting has been made from a 
mould, which may have involved long and arduous 
labour and careful preparation, probably on the part 
of several men, that mould has to be utterly destroyed 
to release the casting ; and if a second similar casting 
is required another mould must be prepared. Many 
attempts have been made to construct moulds which 
should be able to be repeatedly used in the production 
of numbers of articles of the same form. The greatest 
degree of success in these attempts has been attained 
by the use of metal moulds. In those trades ^.ealing 
with the non-ferrous alloys, metal iftoulds' are exten¬ 
sively used for the production of various types of cast^ 
ings in white anti-friction alloysi in brasses and in 
bronzes. Moulds of this description are known as 
chills, or- dies, or pefmanent moulds, and whilf? they 
have not bfeen used to the same extent in the casting 
of iron as in the casting of non-ferrous articles, they 
have been used with satisfactory results. ChiU or die 
casting is tpe general term by which the tirocess is 
.kii&wn.’ 
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It will be quite obvious that, because of their con¬ 
siderably lowef melting point, it will be possible to deal 
with'the non-ferrous alloys in a manner that is impos¬ 
sible with cast iron, and so various means have been 
adopted in connection with these alloys and die casting 
which have never been applied to iron. By the use of 
special machines it is possible to^ force these metals 
under pressure into the permanent mould or die, and 
several machines are now on the market for this 
pressure die casting.” But very largely because of 
the much higher temperature of molten iron, and the 
greatly increased difficulty of planning, constructing 
and maintaining any machine parts to withstand this 
higher temperature, the method of producing castings 
under pressure has not been applied in the iron industry, 
so that casting in permanent moulds or die casting 
when used in the foundry simply refers to the making 
of castings in iron moulds, the metal being poured into 
ihe xietal mould as in the case of sand castings. 

It is generally only in those cases in which the castings 
nave a plain cylindrical interior where it is possible to 
make the complete’mould of metal. It will be obvious 
that in the case of a casting which requires an intricate 
core, it will be a much simpler and more convenient 
plan,^ven if the exterior form of the article is made by 
means of a perrrtanent iron mould, to use the ordinary 
sand core for each casting rather than to attempt to 
provide metal cores. To suggest only two problems in 
connection with metal cores, expansion and extraction, 
it wfU be seen that an immense*amount of experiment 
and consideiable ingenuity will be require!! to produce 
a satisfactory permanent core of intricate design. This 
of course would necessitate somewhat heavy expenditure, 
and for this reason alone sand rather than iron cores 
am used if of intricate design in permanent moulds. 
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Just as has been pointed out in the chapter on machine 
, moulding, the full benefit of a permanent'mould can only 
be realized when there are large numbers of castihgs of 
the same type to be produced, and this again points to 
more extended standardization. As a direct Icsult of 
the years of war, the use of permanent moulds has 
largely increased. Such articles as cast iron shells, 
shell parts, such as fuse sockets and bombs, have been 
produced in enormous quantities by means of permanent 
moulds, and even in pre-war time articles such as fire¬ 
bars, large gear blanks, wheels, and similar articles were 
frequently cast in such moulds, while articles which 
depend for their efficiency upon the possession of a 
hard chilled iron surface such, for example, as the rolls 
for rolling mills, brake drums, car wheels, and hub 
liners were very extensively produced by their use. 

The material which is most generally used in the 
making of permanent moulds is cast iron, the greater 
mass of opinion being that this metal is the most suit¬ 
able for the purpose, and produces the most satisfactory 
results. This was confirmed by Messrs. Rix & Whitaker 
in a paper read before the Institute of Metals in July, 
1916 {Jour. I. of M., July, 1916, No. 2), giving a de¬ 
scription of their production of aluminium bronze cast¬ 
ings in permanent moulds, in which they state that 
cast iron moulds gave them their most^successful results. 
The reasons for this superiority are not yet definitely 
understood, but Mr. J. E. Hurst, in«a paper given before 
the Foundrymen’s Annual Convention held in Liver¬ 
pool in 1919, attributfed it to the irregular contdur of 
the tooled Surface of the die caused by the presence of 
the harder and softer constituents of the metal', forming 
tiny reservoirs in which very small amounts of air and 
gases are entrapped between the surface of the metal 
.iMuld ‘and the molten metal during pouring, tlius 
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forming a gaseous film which prevents the adherence 
of the molten unetal.to the mould itself, and allowing 
of the casting being withdrawn possessing a clean and 
smooth surface. From this point of view, the use of 
some form of mould dressing compound composed of 
carbonaceous materials is of assistance in producing, on 
coming in contact with the molten metal, this gaseous 
film from the gases which are evolved. 

In a previous paragraph mention has been made of 
the value of permanent moulds in the production of 
articles which require to be excessively hard on the sur¬ 
face, which hardness is due to the formation of a skin 
of white iron on the casting due to the very rapid cooling 
of the metal on reaching the surface of the mould. In 
castings, hov/ever, which are required to be machined, 
the production of this unmachinable white iron skin 
renders such articles of no value, and the difficulty of 
avoiding or obviating the formation of the white iron 
lixterior is one of the objections to the use of permanent 
moulds. But as explfuned in Chapter III, other factors 
beside the rapid cooling of the metal may help to deter¬ 
mine the condition ftf ihe carbon in the finished product, 
and so by suitably controlling the composition of the 
metal and arranging for a sufficiently high silicon con¬ 
tent,,the danger of producing an unmachinable skin 
may be entirely«eliminated. 

In connection with the use of cast iron for the making 
of permanent moujds there is introduced into foundry 
practice several difficulties which are not experienced in 
connection with sand moulding. Some of these diffi¬ 
culties such as the cracking of the whole jnould or the 
distortion of parts of it can generally be attributed to 
defective’design in the making of the mould resulting, 
when the molten metal enters, in differing degrees of 
expansion in varying parts of the mould, thus creating 
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internal stresses which produce the distortion or rup¬ 
ture. Such difftculties may be obviously avoided by 
having moulds more correctly designed. Blow-holes are 
sometimes occasioned in permanent mould castings 
from the same cause, i.e. faulty design. On the pouring 
of the metal into badly-designed moulds it may happen 
that comparatively large amounts of air may be en¬ 
trapped, which, in attempting to escape through the 
metal, produce blow-holes. The remedy for this occur¬ 
rence is of course to design the mould in such fashion 
that the incoming of the metal sweeps out the air and 
gases in its course. Pinholes are frequently noticed in 
castings made in moulds of this description, but it has 
been observed that this trouble is much more frequent 
when the mould has seen considerable service and is 
becoming worn, and it is patent that this type of 
defect can best be remedied by the scrapping of a mould 
in this condition and the use of a new one. 

But some of the above difficulties may also be occa¬ 
sioned by what is known as " growth.” Profs. Rugan 
and Carpenter investigated this peculiar phenomenon, 
and in their now classical memoir Explain that it comes 
about because of the penetration into the interior of 
the cast iron of gases which, acting upon the con¬ 
stituents of the iron in an oxidizing fashion, pjoduce 
permanent enlargement sometimes to a remarkable 
extent. There does not seem to be any method of 
counteracting this defect that is generally applicable, 
but it is recommended that the blocks of cast iron of 
which the mould is made should have themselves*-b,een 
cast in a permanent mould. When this procedure 
is followed the life of a permanent mould ^is usually 
sufficient for all commercial purposes. 

For two very important reasons it is almost inevitable 
that this type of casting will in the future be mare 
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extensively adopted. In the first place, a much more 
closely grained’and, fiom the metallurgical standpoint, 
a considerably improved product is the result; and in 
the second the present economic position of the foundry 
trades is rapidly compelling the adoption of all pro¬ 
cesses which will reduce the heavy labour costs, and 
which lend themselves to mass production. The follow¬ 
ing example of this tendency is gleaned from contem¬ 
porary American journals, in which it is stated that 
the building of a foundry for the production of radiator 
castings in permanent moulds is contemplated. This 
foundry is to be highly organized for the special pro¬ 
duction of this type of casting, and the whole of the 
moulds will be operated and handled in chronological 
order by machinery, and the finished castings removed 
by mechanical conveying appliances. 

A process for the production of castings has been 
devised which is allied to permanent mould casting, 
aaid has also features in common with pressure die 
casting, and which is being successfully worked. This 
process, known as the “ Centrifugal Process,” consists 
of the introductioit of molten metal into a rapidly- 
rotating metal mould, under which circumstances the 
metal solidifies rapidly under the, influence of centrifugal 
pressure and rotary motion. Castings produced by 
this process possess enhanced physical properties. 



CHAPTER XIII 

MALLEABLE CASTINGS 

It will be fully appreciated from what has been said in 
Chapter III that grey cast iron is at the best a brittle 
material and possesses only minute traces of ductility 
when measured by elongation in making the tensile— 
or pulling test. This is essentially due to the form in 
which the free carbon exists, that is in the form of 
graphite existing as plate-like bodies forming weak 
boundaries between the component crystals. In fact, 
ordinary grey cast iron may be considered almost as a 
plain carbon steel with the addition of graphite plates 
between the crystals. It will be easily understood how 
this state of existence of the carbon modifies the duc¬ 
tility of the material rendering it very brittle. In those 
cases where castings are required to possess any degree 
of ductility and resistance to brittleness it is necessary 
to resort cither to steel castings 6r to castings made 
from cast iron treated in such a manner as to render it 
partially ductile or malleable, such treated castings 
being known as malleable castings. ,, 

The earliest record of malleable cast iron is to be 
found in the account of the experiments of the French 
scientist Reaumur published in a paper entitled L’art 
d'Adoucir le Fer Fondie in the year 1722, who found 
that on subjecting samples of white iron, whitJi is 
extremely hard and brittle, to prolonged heat treat¬ 
ment in contact with iron ore or red oxide of iron, they 
became soft and malleable. These experiments form^ 
the basis of what is now known as the Reaumur or 
Old English malleable cast iron process. 

114 
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In this process, castings of the hard, brittle white 
iron are subjeoted to, prolonged heat treatment while 
packed in iron boxes along with finely divided hematite 
ore in specially constructed furnaces. After this treat¬ 
ment, iU is found that the castings have become soft, 
malleable and ductile, so that they can be bent to a 
considerable angle without fracture taking place. The 
theory underlying this process has been constructed 
from the results of the investigations of numerous 
metallurgists and scientists. It has been shown to be 
essentially due to the removal of the carbon, which, it 
will be remembered, exists in white iron as a solution of 
the chemical compound carbide of iron in iron, by the 
oxidation of the carbon portion of this compound on 
the surface layers of the casting in contact with the 
oxide of iron, forming carbon dioxide gas (COj) which 
is evolved during the process. The continuation of 
this oxidation into the centre of the mass of the casting 
is brought about mainly by a kind of double process. 
One portion of the process consists in the penetration 
into the interior of the casting of the carbon dioxide 
initially formed at» the surface. On penetrating, a 
further reaction takes place whereby it oxidizes a por¬ 
tion of the carbon according to the formula COj-|-C= 
2CO, carbon monoxide being liberated, which is again 
re-oxidized on esming into contact with the hematite 
ore. The other part of the process consists in the 
gradual difiusion of the carbide constituent from the 
centre of fhe casting to the external layers, which, by 
reasan of the removal of some o^ the carbon during the 
initial stages of the process, have become,less concen¬ 
trated with carbon. As it diffuses towards the external 
layers of Ihe casting, this carbide constituent is in its 
turn oxidized in a like manner, until the whole mass of 
thf casting has been affected. The total effect of the 
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complete process is the partial removal of the carbon 
by oxidation, as is illustrated by the* two following 
analyses of white iron before and after heat treating 
according to the Reaumur or Old English process— * 


Combined Carbon 

. 3-S 

•65 

Graphite . 

Nil Temper Carbon 1*1 

Total Carbon 

. 3-5 

1-75 

Silicon 

•S 

•50 

Manganese. 

. Traces 

Traces 

Sulphur 

•35 

•35 

Phosphorus 

•05 

•05 

W. H. Hatfield.- 

■Cast iron in the light of recent research. 


It will be noticed from these analyses that a con¬ 
siderable quantity of carbon still remains in the heat 
treated malleable sample, and further, that a portion 
of this exists in the free state. This free carbon is 
formed as a result of the decomposition of the residual 
amount of the chemical compound Ccirbide of iron after 
prolonged heat treatment, and exists in a characteristic 
nodular form as illustrated in the raicrophotograph 
Fig. 23 given on p. 117. The round black nodular areas 
in this photo are found to be full *of carbon in an ex¬ 
tremely finely-divided form, totally different from the 
graphitic plate-like form noticed in grey iron. On this 
account it has been separately identified undjr the 
title of annealing, amorphous, or temper carbon. It will - 
be quite easy to appreciate the fact, on comparison of 
the above raicrophotograph, with );hose given of grey 
iron in a previous chapter, that the free carbon existing 
in this peculiar form qxerts very little influence on the 
mechanical strength properties, particularly of birittle- 
ness and ductility, as, different from the ,plate-like 
formation of graphite in grey iron, it offers no ccmtinuous 
path for thft production of fracture. 

Jt h^s been pointed out above that the resid)ud 
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carbide of iron in the white iron decomposes after sub¬ 
jection to prolonged Jieat treatment, giving rounded 



Fig. 23. 

MICROPHOTOGEAPH SHOWING NODULAR 
AREAS OF CARBON 


nodular areas of amorphous or annealing ca,rbon. This 
fact has formed the basis of a second process of manu¬ 
facture of malleable castings which is ejttcnsively used 
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in America. ' It consists in subjecting to a long period 
of heating, the white iron castings which are packed in 
boxes in a similar manner to that which obtains "in the 
Old English process along with hammer scale, saiid, 
cast iron boring or turnings, or any other material not 
of an oxydizing nature, the action of the packing 
material being simply to prevent excessive scaling of 
the castings when exposed to the heat. As a result of 
this prolonged heat treatment the greater portion of 
the carbon existing in the combined form is decomposed 
as stated aboye and is converted into extensive nodular 
areas of annealing carbon throughout the mass of the 
casting. This transforms the casting from a hard and 
brittle white iron into a soft and malleable material. 
The fracture of this material presented by a broken 
bar, unlike that of the Old English or Reaumur material 
which presents a bright steely fracture, is of a dull 
blackish grey. The edges of the fractured material 
usually show a comparatively thin case of bright steely 
fracture, the result of a slight amount of superficial 
decarbonization. This peculiar type of fracture has 
given rise to the name “ Blackheart,” which is 
applied to castings made by this process. 

Of the two processes the former is more extensively 
used in this country, and the annealing of th^ white 
iron castings is carried out in muffie-t 5 rpe furnaces, 
variously fired with coke, coal or gas. The temperature 
to which the castings are subjected is usually in the 
neighbourhood of from 950° C. to 1,000° C., and the 
length of treatment .varies according to the thkkness 
of the castings being thus treated, being from 24 to 
2,000 hours. The packing used is mainly hematite ore 
consisting chiefly of red oxide of iron, and as free as 
possible from lime and other fusible constituents, which 
would fuse to the castings forming hard slag-like matfrial. 
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on their surfaces. This ore is crushed, washed and 
graded to about the size of peas, and the boxes usually 
packed with a proportion of this new material mixed 
with material which has been previously used for the 
same purpose. 

In castings made by this process considerable dis¬ 
tortion invariably takes place during the heat treatment, 
and the extent and importance of this distortion depends 
entirely upon the thickness and shape of the castings 
being produced. Various means are adopted for pre¬ 
venting this distortion taking serious forms, such as by 
strengthening and reinforcing the casting with wrought 
iron bands and hoops before the treatment commences, 
and there is considerable room for ingenuity on the part 
of the malleable iron-founder in devising methods with 
this end in view. In the ordinary course of events a 
considerable amount of straightening and shaping is 
required on the castings after heat treatment, and after 
they have been withdrawn from the furnace, allowed 
to cool, fettled, pickled and sand-blasted, the castings 
are straightened eitjjer by the use of a hammer or, in 
the case of repetition work, small straightening dies 
inay be made, and the articles rapidly straightened and 
the shapes corrected by the use of hand or power presses. 

In Iflhe " Blackheart ” process practically the same 
procedure is folfowed with the exception that the 
temperature of heat treatment, after being raised for a 
short period to the I'egion of 950° C., is maintained at 
the Ijwer level of between 750° C. and 800° C., till 
the "completion of the process, when the pastings are 
withdrawn, cooled and treated in a like manner. 

It has been previously pointed out that the initial 
material in which these castings are made- is white 
iron. This is the same in both processes, and in order 
to *obtain satisfactory results considerable care and 

9—(UeSB) 
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attention has to be paid to the control of the composi¬ 
tion of the material used. Tlic chemical elements pre¬ 
sent in white iron are identical with those present in 
•grey iron, but with, of course, the difference of the con¬ 
dition of the carbon content. In all malleable castings 
phosphorus is extremely detrimental, and on this 
account hematite pig iron only is used in this connection 
and special hematite irons are usually to be obtained 
for this purpose. In the Old English process sulphur 
is not an undesirable constituent, and because of this 
the comparatively high sulphur content which is invari¬ 
ably associated with low silicon white iron, blast-furnace 
pig is not detrimental to the process. 

In the “ Blackheart ” process, however, it is desirable 
that the sulphur content be kept as low as possible, or 
otherwise considerable difficulty is experienced in 
obtaining successful results after annealing. In both 
processes it is desirable that the content of manganese 
in the iron be kept as low as possible, and a figure in 
the region of about -4 per cent represents good practice. 
In like manner in both processes the silicon content is 
of vital importance. It is essential in order to obtain 
the best results with the final casting^, that the original 
white iron castings be entirely free from graphite which 
involves low silicon. At the same time it is also neces¬ 
sary in order to obtain the most rapid and successful 
change from the white to the malleab>e condition on 
annealing that the silicon content should be as high as 
possible without the production of, graphite in the 
original white iron casting. In actual practice the 
silicon content of the white iron casting is usually ktpt 
in the neighbeurhood of -7 per cent to -8 per cent. It 
is also good practice before the casting commences to 
take frequent samples of iron from the furnace and 
cast these intp bars of about the average thickness of 
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the castings being produced, which bars are then broken 
with a view to ascertaining if any graphite is present 
in the white* iron, t 

Hi the Old English process the total carbon content 
is not of extreme importance, whereas in the American 
process, somewhat better results are obtained with a 
fairly low combined carbon content material. This 
accounts for the fact that metal melted in the air 
furnace, in which a slight loss in the carbon content 
takes place by oxidation, is very satisfactory for use 
m the production of castings by the blackheart method. 
Cupola melted metal is most extensively used in this 
coimtry for the Old English method, and the fact that 
there is no reduction in the total carbon content in the 
cupola cast metal offers no detriment to the use of this 
form of melting. 

A comparison of the mechanical properties of malleable 
cast iron with those of grey cast iron is made in the 
following table, and the difference in ductility as 
measured by the elongation is clearly brought out, as 
is also the difference in brittleness as shown by the 


. angle of bending. 

White Iron. 

Maximum Stress 9-8 tons per sq. in 
Elongation . Nil 

Bending Angle Nil 


Malleable Iron. 
(Reaumur). 
30 tons per sq. in 
3% 

42 ' 


E. Hurst .—The Engineer, 2nd Aug. I91S. 


The procedure following in the making of the moulds 
for white iron castings is practically the same as that 
followed in the case of ordinary castings, but there are 
onSor two special difficulties to be overcome which are 
not met with in grey iron practice. It vfes pointed out 
in Chapter III that one of the most valuable assets of 
grey iron for the making of castings was its low shrinkage, 
which is accounted for by the formation of the graphite 
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from the carbide of iron as the material cools. It will 
be obvious that in the case of whitf iron' castings in 
which there is no graphite formed, the shrinkage will be 
much greater than in the grey iron. This greater 
shrinkage has to receive the special attention of* the 
maker of white iron castings; and in some instances 
an extra allowance is made by the pattern-maker for 
this shrinkage over and above that made in patterns 
used in ordinary foundry practice. In addition to this 
greater shrinkage there is also the difficulty caused by 
the lesser degree of fluidity of white iron as compared 
with grey, which is the result of the considerably smaller 
amounts of phosphorus and silicon permissible in the 
material. These two properties of white iron necessitate 
the making of larger gates, runners and feeders than are 
required in the casting of grey iron, in order that the 
metal may be kept fluid for as long a time as is neces¬ 
sary to completely fill the mould and to allow of the 
feeding of the interior of the casting for a period after 
the outer portion has becbme solid, and because of its 
shrinkage has begun to take up metal from the still 
fluid interior. 



CHAPTER XIV 

DEFECTS IN CASTINGS 

The ideal foundry would be one in which every mould 
that is made produces a perfect casting, but unfor¬ 
tunately such a condition of affairs has not yet existed, 
and trouble is often experienced by buyers of castings 
through rejection due to various causes. A large por¬ 
tion of these defective castings can be located before 
the castings leave the foundry, and every endeavour 
should he made—^and is made in up-to-date foundries— 
to eliminate defectives before delivery to customer or 
macliine shop by an efficient inspection system. The 
adoption of a system of inspection possesses an additional 
advantage in that it facilitates the detailed study of 
particular defects on the spot, and thus enables means 
to be taken to prevent as far as possible the recurrence 
of those particular defects. 

Efficient inspe?tion generally discovers that defects 
in castings can be grouped into two classes ; defects 
which are caused as a direct result of the moulding, and 
those which are due in some way to the metal. In 
addition to tlJese, castings are frequently rejected or 
defects arise in them which can be directly traced either 
to the design of >he article or to the subsequent treat¬ 
ment it has undergone in the engineering shops. Faulty 
design is frequently responsiblfe for increasing the diffi¬ 
culty experienced in making satisfactory castings, and 
this arijes as a result of a want of farniliarity on the 
part of the designer of the fundamental principles 
underlying the production of castings. In general, 
♦hese difficulties are caused by the joining on to large 
123 
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masses of metal of portions of mipch thkmer section, 
•or to the leaving of rectangular corners in the design. 

In the first case difficulty is experienced owing to the \ 
different rates of cooling of the thick and thin seetions, •'* 
giving rise to unequal shrinkage, the thin section also 
being the first to solidify tending to draw away metal 
from the still molten thicker portion, with the result 
that the metal at the junction of the two sections is 
left very weak, frequently with holes (drawholes techni¬ 
cally) in the interior of the metal. If the design allows 
of modification without interference with the suitability 
of the article for the purpose intended this difficulty 
can be largely overcome by the addition of fillets to the 
thinner section bringing about a more gradual reduction 
in the difference of the rate of cooling in the sections 
and consequently reducing the unequal shrinkage ; but 
if the design cannot be adjusted in this way, a rapid 
quickening in the rate of cooling of the larger mass of 
the metal is brought about by the use of “ chills,” 
which are pieces of metal embedded in the mould for 
the purpose of rapidly conducting at/ay the heat from 
the larger mass, and bringing about much more rapid 
solidification in that part of the casting. 

In the second case, the manner in which crysta^iza- 
tion takes place in the metal has to»be taken into 
account. The metal first solidifies on the outside, and 
the crystals grow inwards at right aqgles to the cooling 
surface. At a rectangular comer there is thus a plane 
of confused crystallization due to the meeting of two 
systems df crystallization proceeding at right angles to 
cooling surfaces which are themselves in different 
planes ; and this plane of confused crystallization is a 
weak section, not only from the point of view of strength, 
but also_from its less ability to withstand pressure, an(i 
its consequent liability to leakage, if the casting be 
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required to be teste^d or used under hydraulic or steam 
pressure. The remedy for this defect is to round the 
external corners and fillet the internal ones, so that the 
line of crystal growth may be more or less radial. 

In the case of those castings which are rendered 
defective by their subsequent treatment in the machine 
shops, this may be caused by the methods employed in 
machining. In the modern rapid method of production, 
castings are often required to be machined in jigs, by 
the use of which the whole of the machining operations 
are standardized. Jigs, being designed for accurate 
repetition work, frequent ly do not allow of sufficient 
allowance being made hu the unavoidable inequalities 
and inaccuracies which occur in castings, no two sand 
castings being absolutely alike, and castings that are 
otherwise perfectly good and sound may be spoiled by 
the jig being positioned on some part of the casting 
which from some cause or other was not of sufficiently 
accurate dimensions as to allow of the machining of 
the rest of the casting to the requisite size. 

A greater number of castings arc spoiled because of 
faults in the mould. By the preparation of a badly- 
jointed mould, that is, one in which the two halves of 
the^mould do not fit properly to each other, or by the 
insufficient weighting or cramping of the boxes together 
so that the pressure of the metal lifts the upper part, 
or because the chores do not accurately fit into their 
prints, or because of the poor fit of the boxes, metal 
m*y be able to force its way put of the mould, causing 
what is technically known as a “rup out.” In a 
well-equipped and well-regulated foundry events of 
this type should be very infrequent occurrences, but 
if a run out does occur, the moulder endeavours to stop 
^t by pressing sand on the leak, when the escaping metal 
solidifying prevents anyjurther leakage. 
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The breaking down of the face of any part of the 
mould during the casting operation is responsible for 
the spoiling of many castings. This may occur from a 



Fig. 24, * 

MICROPHOTOGRAPH SHOWING SHOT OR 
PELLET 


variety of reasons ; irtegular or too hard ramming or 
faulty vehting, or the too rapid rush of the metal into 
the mould, may cause portions of the mould; face to 
become detached, which therefore alters the shape of 
the mould at' that particular ppint, the result being a 
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hump or “ scab ” on the casting ; while the sand which 
has broken aviay becomes dirt in the metal and is 
frequently incorporated in the casting, producing a 
“ dirty casting.” 

One of the commonest defects of castings is usually 
the result of the use of too wet sand in the moulding. 
This results in the ramming producing a mould which 
is not sufficiently porous, and consequently when the 
molten metal enters the mould, the superfluous moisture 
is changed into steam which, along with the other 
gases, finds difficulty in escaping through the sand. 
It is therefore driven to escape in some other way, and 
the only other way lying through the metal, it tries to 
bubble through this, but owing to solidification taking 
place before it has escaped it is frequently entrapped 
in the mass of the metal, causing defective castings 
through "blowholes.” The appearance of blowholes 
from this cause is certainly a reflection on the judgment 
of the moulder as to the condition of his sand, and may 
be the result of carelessness or of inexperience. 

In the pouring of the metal it occasionally happens 
that the first metal icntering the mould strikes a pro¬ 
jection or splashes into the mould. These splashes 
immediately solidify, forming round shot, which is in¬ 
corporated into the mass of the metal and is not always 
remeltid. If sucfe shot are held near the surface of 
the metal, on grinding or machining a ring round the 
imperfectly fused shot can be observed. 

Other defects in casting are sometimes due to the 
tempesature of the metal at the time of casting. The 
hottCT the metal the more fluid it is ancl the more 
easily it will run. In castings of thin section, if the 
casting tenlperature is not correct, it will sometimes 
happen that the metal will solidify before it has run 
its course and completely filled all the interstices of 
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the mould. The thicker section^ may be perfectly cast, 
but the thinner sections, owing to the rapid solidifica¬ 
tion, have not been completely filled. As has been 
previously mentioned, it is usual to fill the mould by 
means of a spray or sprue of runners to ensure the 
proper filling of each and every part of the mould. 
But even with this precaution, if the metal is not of 
sufficiently high temperature, it sometimes occurs that 
the streams of metal have become so reduced in tem¬ 
perature that, though they fill the mould, they are not 
fluid enough to perfectly join or weld together and the 
point of meeting can be distinctly seen and renders the 
casting defective. The obvious way to ensure good 
castings from this point of view is to pour with metal 
of a sufficiently high temperature. 

The chief defects due to the composition of the metal 
are excessive shrinkage, and as a result of this frequent 
cracking of the metal, and too great hardness through¬ 
out the mass of the metal, or the existence of hard spots 
at particular parts of the castings. These may generally 
be considered due to the small •amount of graphitic 
carbon present in the metal, and as pointed out in 
Chapter III an increase in the amount of graphite may 
be brought about by increasing the silicon cojitent of 
the metal by altering the mixture iB the cupola. This 
procedure will generally have the desired effect. 
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Posted Orders are not negotiable in England. Foreign stamps cannot bb accepted. 


ARITHMETIC 

nut jnn n OOHMEBOIAL ARXTHMETIO. By Arthur E. Wiluajo, M.A., 

" B.Sc. la crown 8vo, limp doth, 8o pp. ■ ..... Bst 1/6 

am SfMEHTS OF fin irinm igAL ABnBMBTIO. By Thomas Brown, la 

crown 8vo , cloth, 1 40 pp .Hst 1/6 

BtrsnUS AtttTHMg i’lc. Ptti L In crown 8vo, cloth, lao pp. 8/- list Amrtti 
BUSXIUS ABXIEIIETXG. I trt IL In crown 6vo, cloth, X4| pp. Mmm 
OOMFUTmOOKMEBCUL ABITOKETIG. Contains Parts 1 and 11 atove mentioned, 

In crown 8vo, clot^ 364 pp. . .8/-. Auwsn 1/6 

pifaT.T.ttn O 01 QIEB<IAIt ABHEHETXO. By C. W. Croos, B.A., B.Sc. In 

crown 6vo, b doth. 9 /- nst ABIwen Hst 1/6 

riBSS STEPS IB WO'BSSBOiB iSHSSSEfSlO. By H. P. Green. Is crown 8vo, 

llmpjloth, abou t 80 pp . ^..Ell 1/6 

OOKPIfibl BCjSROA!im« ABEEHIIEITIO. With Elementary Mensuration. By 

H. P. Green, F.C.^^'. 1 q crown 8vo. doth fiit, with Key, 646 W* • W V” 

Complete book without Key, 600 pp., 6^6 net. Key separately, V8 net. Also in 
threepa^ Parti,3001^., 4 />net. PartII,3o8pp.,S/6net. Part III, too pp. 

wm^feaSmJM m PRAeiSOB OF OOHUEBCIAL ABnHMEIia By P. W. 

Nomas, M.A., B.Sc. In de^ Bvo, doth, 452 PP>. Hit 7/6 

fOinniBQ ronSE XATHEKAIIOS. By H. W. PoRsiTT and W. Nickun, A.S.A.A. 

lojBown 8vo, cloth, la o pp. . . .Hit V- 

fpwffOTwrq iJgD BOOS-KEEFIHQ. By Thos. Brown, F 5 .S., and Vincent E. 
COLLINOB, A.C.I.S. In two parts. Each in crown 6vo, dotU Part z, 124 jro, 

Mnet Part a, ixjpPl ■... Ret 1/8 

y/iflAttmmg POB BOSu^S PUBFOSE8. By H. W. Poebitt and W. Nzcelin, 

A.SJLA. fe crown 8vo, limp d oth.6I. 

ifiP fimM m lamginglfl. By John Johnston. Revised and Edited by 


jfjP WTfgw m ABCTHinglfl. By John Johnston. Revised and Edited by 

G. K. Buckkall, A.C.I.S. (Hons.). New and Enlarged Edition, In 

ISEbSiU ok I^ID KEIBODS ix ABIIE9DBn6. By JmiN JoaNixinr. In 

dioo lsoap 8 vq. cloth ... Bst 

lawiirm tf ABXZHMETXO. A guide to the teaching ol Arithmetic. By G> R. 
pimoa,BJL In crown 6vo, doth, ^ pp. Rst 
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TEE KETRIO AND BBITIBH SYSTEM OF WEIGHTS, MEASURES, AND COIHAOE. 

By Dr. F. Mottw o Pe rkin. Iu 8vo, witli numerous illustrations. . Net 8/{ 
ARITHMETIC OF ALTE^ATING CURRENTS. By K. H. Ckappkr, M.I.H.E. 

Id crown 8vo, illustratKl.Net 6/- 

ARTTHMETIO of electrical ENGINEERINO. For 'Ir-rhnic.il SnuVnis. In 

c rown 8vo, illustratKl.Net 3/6 

the slide rule, a Practical Muioal. Illustrated . . .. Net 3/6 

BOOK-KEEPING AND ACCOUNTANCY* 

FIRST STEPS IN BOOK-KEEPINQ. By W. A. Hatcuaju), A.C.P., F.B.T. In 

crown 8vo, limp cloth, 8o pp. Net 1 /fl 

PRIMER OF BOOK-KEEPING. Thoroughly prepares the student tor the study of 

mo re ela borate treatises. In crown 8vo, cloth, 144 pp. . 8/- Answers, Net 1/6 

EAST EXERCISES FOR PRIMER OF BOOK-KEEPING. In crown 8vo, 48 pp. . 6d. 

BOOK-KEEPING FOB BEGINNERS. A first course in the art of up-to-date Book¬ 
keeping, With Answers to the Exercises. By W. £. Hooper, A.C.I.S. In , 

_crown 8vo, c loth, 148 pp. ■ ..Net 2/6 

THE EIRKENTS OF BOOK-KEEPING. By W. 0 . Buxton, A.C.A. (lions.). In 

crown 8vo, Duxeen 1^7 PP.Net 8/8 

BOOK-KEEPING AND COMMERCIAL FRACHCE. By H. H. Smith. H.C.T., 

• F. lnc.S.T . In crow n 8vo, doUi, 152 pp. 1/9 

BOOK-KEEPINQ smPT.Tirnen. Thoroughly revised edition. By W. 0 . Buxton, 

A.C.A. (Hons.). In cniwn 8vo, cloth, 304 . . 8/6. Answers, Net 8/- 

ADVANCED BOOK-KEEPING. In crown 8vo, cloth, 187 pp. 3/6 net. Answers, Net R'6 
HIGHER BOOK-KEEPING AND ACCOUNTS. Bv H. W. 1 ’orritt and W. Kickun, 
A.S.A.A. In crown 8vo, cloth, 304 pp., with many up-to-date ioruis and 

iacsunile documents ..Net 8/- 

FULL COURSE IN BOOK-KEEPING. By H. W. Porritt and W. Nicklin, A.S.A.A. 

In crow n 8vo. cloth e ilt, 540 pp. ... . . Net 6/- 

OOMnjETTE BOOK-KEEPINQ. A thoroughlv comprehensive text-book, dealing with 

all depar tment s of t he subject. In crown 8vo, cloth, 424 pp. 6/6 Aiuwer8,N6t 4 /- 
ADTANGED ACCOUNTS. A Practical Manual lor the Advanc^ Student and Teacher. 

Edited by Kocbr N. Carter, M.Com., F.C.A. In demy 6vo, cloth gilt, 988 pp., 

with many forms an d facsim ile documents.N^ 7/6 

DICnONART OF BOOK-KEEPING. A Practical Guide and Book of Rderence for 
Teachers, Students and Practitioners. By R. J. Porters. In demy 8vo, cloth 

gil t, with facsimiles, 780 jm..Net 7/6 

BOOK-KKFIM FCNft REIAILEi^ By H. W. Porritt and W. Nickun, A.S.A.A. 

In crown 8vo, cloth, 124 pp..Net ^8 

ADDITIONAL EXERCISES U BOOK-KEEPING. Nos. I and ZL New Editions. 

In crown Svo. «,(> pp. No. i, 81 net. No. 2, 9 d. net . Answers, each. Net 61 
BOOK-KEEPING TEST C ARDS. Elem. and Inter. Per sd . . . Net 8/- 

BU6INESS BOOK-KEEPING. Bv ]. Ro otlev. In crown 8vo, cloth, 360 pp. Net 8/8 
EXAMINATION NOTES ON BOOK-KEEPING AND ACCOUNTANCT. by f. Blake 

Harrolu. A.C.I.S ., F.C.R.A. Cloth, m. by 3J m., 56 pp. . . Net 2/6 

HOTEL BOOK-KEEPING. With illustrative {urma and e«rcis^. In crown 8vo, 

do th, 72 p p.Net 8/8 

BOOK-KSmKG AND ACCOUNTANCT PROBLEMS. By G. Johnsok, F.C.I.S. 

In crown 8vo, cloth gilt, tz2 pp.tNet 3/6 

COMBINED MANUSCRIPT BOOK FOB BOOK-KEEPING. In crown 4to, stiff paper 

wrapper, 144 pp.. 1/8 

IDEAL MANOSCklPT BOOKS FOR BOOK-KEEPING. Large post 4 ta Cash Book; 

Purchases Book; Sales 13 ook and journal: Ledger .... Iktcb M. 
AVON EXERCISE BOOKS FOB BOOK-KEEPING. Foolscap folio. .. . 

_ Journal, Sd.: Cash Book, 86.: Ledger 1 /- 

EXAXOIATIOR NOTES ON MUNICIPAL ACCOUNTANCT. By W. G. Davis, 

A.S.A.A. Sixe 6^ in. bv 3} m., doth, 56 pp. ..... Met £/- 
BALANCE SHEETS: HOW TO BEAL AND UNDERSTAND THEM. By Ph&. 

Tovey, K.C.LS. In fcx>l«cap 8vo, cloth, 83 pp., with 26 inset Balance Sheets Net 8/6 

BOW TO BECOME A QUALIFIED ACCOUNTANT. By R. A. Witty, A.SJLA. 

S erond Editioo. In crown 8vo, cloth, t20 pp. . , ... Net 3/6 

ACCOUNTANCT. By F. W. Pixlby, F.CA., Barrisfer-af-Idw. In demy /^vo, doth, 

3 18 PP- .Net 7/8 

AOOOUNIiNG. ByS. S. Dawson, M.Com., F.C.A., and R. C. de Zouche, F.C.A. 

In demy 6vo, 280 pp., doth,.Net 10/6 

BOCMC-KEEPINQ TEACHERS’ MANUAL. By C. H. Kirton, A.C.I.S., F.lnc.S.T. 

Id demy 8vo', doth^It, 230 pp. . ..Net ,, 7/6 

M 0 TK 8 OF l£ 8 S 0 NS ON BOOK-EjSEPING. By J. Routley. In crown 8vo, 133 pp. ^ 

^ Net 8^6 
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AODmSfe. ACCOnWnSQ A 5 D BAHKma. By Frakk DowttR, A-CA., and E. 

Mardinuk Harris, A.I.H. In dtniy Svo, cloth gilt, jaS pp. . . . Hat 7/6 

PRINCIPLES OF BOOK-KEEPING EXPLAINED. By 1 . H. Homphrys. In crown 

Bvo, cloth, 120 pp. .Net 2/0 

HANUFACroRINa BOOK-KEETINQ AND COSTS. By G. Johksow, F.C.I.S. In 

dcmv Kvo. cloth silt, ijo pp. ..Nek 6h 

PRACTICAL BOOK-KEEPING. By the same Author. In crown bvo, cloth, 420 pp. 

• Nek 6/- 

DEPRBCIATION AND WASTING ASSETS, and (heir Treatment in Compntin: Annoai 
Profit and Lose. By I*. D. Llakk, F.C.A. In demy 8vo, cloth gilt. 223 pp. Net 
THE PRINCIPLES OF AUDITINQ. By F. R. M. De Paula, O.B.E., F.C.A. In 

<lemy bvu. cloth gilt, 224 pp< .Net 7/6 

COST ACaOUNTS IN PRINCIPLE AND PRACHCE. By A. Clifford Ridcwav, 

F.C.A. In dcuiy 8vo, cloth giJt, 120 pp. ...... Net 6/- 

GOLD MINE ACCOUNTS AND COSTING. A Practical Masoal !or Officials, 
Accountants, Book-keepers, Etc. By G. W. Tait. In demy Svo, doth gtlt, 

oy pp. ....Net W- 

COMFANY ACCOUNTS. A complete, practical Manual for the use of officials in 
Limited Compauies and advanced students. By Arthur Colls, F.C.I.S. In 
detnv 8vo, rioih gilt, tsh PP- Second Edition ..... Net 7/6 

MANUAL OF COST ACCOUNTS. By H. Julius Lunt. In demy 8vo, doth, 124 pp. 

Net 91- 

TEE ACCOUNTS OF EKECUTORS, ADUDUSTRATOBS AND TRUSTEES. By 

William B. Phillips, A.C.A. (lions. Inter, and Fmal), A.C.I.S. In demy 8vo, 

rinth gilt, IS2 pn . ... . Net 8/** 

RAILWAY ACCOUNTS AND FINANCE. The Railway Companies (Accounts and 
Returns) Act, 191X. By Alleh E. Newhook, A.K.C. In demy 8vo, cioUi gilt, 

148 pp. .wet 91- 

TTHS PERSONAL ACCOUNT BOOK. By W. G. Dowsley. B.A. Size. isjm. by 

<>1 m., hall leather, iu6 pp., with interleaved blotting paper . . . .Net 10/6 

SHOi*KEEPERS’ ACCOUNTS SIMPLIFIED. By C. D. Cokmkll. In crown 8vo, 

70 pp.Not 2 /- 

THE “EFFICIENT’’CHECK nOURE SYSTEM. By; H. O. Hortom. In de-v 

8vo, 22 pp.Net 1 /- 


BUSINESS TRAINING, COPY BOOKS, ETC. 

COMMERCIAL READER (Junior Book). Our Food Supplies. By F. W. Cbamsbrs. 

Wikh over 70 liluMrations, 240 pp. ....... Net Zl- 

COMMERCIAL READER (Intermemate Book). Our Manufacturing Industries. In 

crown 8vo, rlolh, 240 pp Over iso illustrations.Net 3/6 

COBUffiEECIAL RRADRg (^.ot Book). An introduction to Modem Commerce. 

Coiitainsover i6obla''k .rndwiiile illustrations. In CTOwn 8vo, doth, 27a pp. Net 8/6 
OinCE ROUTINE FOR BOYS AND GIRLS. In three stages. Each in crown 8vo, 

(>4 pp. 1 st Stage, 8d. 2 nd and Ltrd Stages.Each l/~ 

first STEPS IN BUSINESS TKAlNiNG. Bv V. £. Colungk, A.C.I.S. in crown 

8vo. limp doth. 80 pp. .Net 16 

COUNTING-HOUSE ROUTINE. 1 st Year’s Coarse. By Vincent £. Collikce, 
A.C4.S. lu crown bvo, } doth, with illustrations, maps, and facsimile 

comin m-il forms, ifea p p.Net 2/- 

COCNTING-BOUSE ROUTINE. 2 nd Year’s Conree. By Vincent E. Collinge, 
A.C.I.S. In crown 8vo, 1 cloth, with illubtraiums, maps and facsimile commercial 

f orms. t 88 pp.Net 3/6 

THE PRINCIFLES OF BUSINESS. By James Stephenson, U.A., M.Com., B.Sc. 

Far' t. In crown bvo, cloth, 217 pp.Net 8/- 

Part 2. In ciovm 8vo, cloth, 120 pp..Nat 9/9 

UAEViL OF BUSINESS TRAININO. Contains 66 maps and facsimiles. Eighth 
fiiMion, thoroughly revised and considerably enlarged. In crown 8vo, doth, 

THE FB^CIPLSS AND PRACTICE OF COMMERCE. ByjAME^TEPHSNsoN, M.A., ^ 

M.Com., B.Sc. In d<>my 8vo, doth gilt, 648 pp., with many illustrations. 

diagrams, gtc. ..Net 8/6 

COMMERCIAT,. PRACTICE. By Alfred Schofield. In crown 8vo, cloth, 

2<i6 pp .Met 4 /- 

THE THEORY AND PRACTICE OF COMMERCE. Being a Complete Gnide to 
Methods and Machinery 0! Bosiness. Edited by F. Heeus, F.C.I.S., Assisted 
by Specialist Contributors, lu demy 8vo, doth ^t, 620 pp., with many facsimile 

*fornu. 7/6 Net Also m 2 vols., each.Net 8/6 

HOW TO TEACH BUSINESS TRAINING. By F. Hebus, F.C.I.S. In crown Bvo, 

160 pp. . .. .... Net 8/6 















MODERN BUSINESS AND m METHODS. By W. Cahfbbll, Chartered Secretary . 

Part I. Net, 8/6. Part II. Net, 8/6. Complete . . . .Net 

A COURSE IN BUSINESS TRAININa. By G. K. Bucknall, A.C.I.S. In crown 
8vo , 102 pp ........... . 

ROUTINE OF COMMERCE. By A. Schofillo. In demy 8 vu, dolli, 170 pp. Net 
ELEMENTS OF COMMERCE. By P. Hbywood, A.C.I.S. In demy ;:vo, doth, 

150 pp. Net 

FACSUKILE COMMERCIAL FORMS. New, Revised, and liilargcd Edition, lliir^- 

Dve separate forms m envelope . ..Net 

Forms separatelv, per rioz.Net 

EXERCISE BOOK Of FACSIMILE COBDIEBCIAL FORMS. In larr post 4to. 32 pp. 
FACSIMILE COMPANY FORMS. Thirty>four separate forms in cuvclupe . Net 
horms separaiely, per doz. Net 

**NEW ERA BUSINESS COPY BOOKS. By F. Heelis, F.C l.S. Civil Service 
Style. In three books, Junior, Intermediate, and Senior. Each in stout paper 

covers, large post 4to, 32 pp. ..Net 

BUSINESS TIUININQ EXERCISE BOOR. Part L By Jakes E. Si.aoen, M.A. 

(Oxon ). h.l .S.A. In Large po'.t 410, 64 pp.Net 

OFnCE ROUTINE COPY BOOKS, No I, No. 2 . and No. 3 . Each lu large post 4 to, 

24 pp. . ..Net 

OOMMIBCIAL HANDWRITING AND CORRESPONDENCE. In foolscap 410, 

quarter cloth, 80 pp. .Net 

BUSINESS HANDWoITXNG. Seventh Edition, Revised. In crown 8vo, cloth, 

84PP;. Net 

HOW TO WRITE A GOOD HAND. By B. T. B. Holuncs. In crown Svo, oblong. 

5h pp.Net 

HANDBOOK FOR COMMERCIAL TEACHERS. By Fred Hall, M.A., B.Com., 

_F.C.I.S., etc. Ill crown 8v<», doth gilt, 200 pp. ..... N^ 

THE BUSINESS GIRL’S HANDBOOK. By C. Ciiisholk, M.A., and D. W. Walton. 

foreword by Sakah Bfrniiahdt. In crown 8vo, cloth, 176 pp. . . Net 

THE BOY’S BOOK OF BUSINESS. By the same Authors. Foreword by Lieut.* 
Gcn.Sir K, S. S. Baden-Powhll. In crown 8vi>, doth, 176 pp. . . Net 

BUSINESS METHODS AND SECRETARIAL WORE FOB GIRLS AND WOMEN. 

By Hplln Reynaru, M.A. In crown Svo, cloth, 96 pp. . . .Net 

THE ^TUNIOR WOMAN SECRETARY. By Annie £. Davis, F.I0C.S.T. In 
crown 6vo, cloth, 100 pp., with illustrations . . .... Net 

THE JUNIOR CORPORATION CLERK. By J. B. Carrington, F.S.A.A. la 

crown 8 vo. c loth gilt, witli illu'buauons, 136 pp.Net 

POPULAR GUIDE TO JOURNALISM. By A. Kingston. 4th Edition. In crown 
Svo, cloth, 124 pp. .......... Net 

PRACTICAL JOURNAUSM AND NEWSPAPER LAW. By A. Baker, M.J.I., and 
£. A. Cope. In crown Svo, cloth, 180 pp..Net 

CIVIL SERVICE* 
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THE CIVIL SERVANT AND HIS FRf^ESSKDI. In crown Svo, doth, 120 pp. . Net 8/6 
CiVU< SERVICE GUIDBI Bv A. J. Lavtok:! Jones, in crown Svo, 129 pp. 8,/6 

DlGESTQfO RETURNS INTO SUMMARIES. By A. J. Lawporo Jones, of 

H.M Dvil Service. In crown Svo, cloth, 84 pp..Net 8/6 

COPYING MANUSCRIPT, ORTHOGRAPHY, HANDWRUING. eto. By the same 

Author. Actual Examination Papers only. In f()f)i.cap folio, 48 pp. . Net 8/8 

CIVIL SERVICE HANDWRITING GUIDE AND COPY BOOK. «'By U. 1 . Jessop, 

B.Sc. In crown 4(0, 32 pp.Net lOi 

CIVIL SERVICE AND COM MERCIA L COPYING FORMS. In crown Svo, 40 pp. Net 6d. 
RULED FORMS FOB USE WITH THE ABOVE. Books I and H. Bach foolscap 

lolio, 40 pp..i. . . . . 8d. 

CIVIL SERVICE AND COMMERCIAL LONG AND CROSS TOTS. Two Series, each 

in crown Svo, 4!^ pp.Net 8 d. 

dVXL SERVICE ARITHMBTIO TE^'S. < By P. J. VarlbY’Tiptun. In crown 8v« 

c loth. 102 pp. ..^6 

CIVIL SEIRVKX ESSAHt •WRITING. By W. J. Addxs, M.A. In aown Svo, limp 

_cloth, 108 pp..N« 8/6 

CIVIL SESVICX PRAUnCE IN PRECIS WRITING. Edited by Arthur ReyHolos, 

M.A. ( OxoD.). in crown Bvo , ^ cloth, 240 pp, . . . , « , Met 8/6 

ELEMSSfTARY FBBCIS WfU’flNQ. By Walter Shawcross, B.A. In crown Svo, 

cloth, So pp.Nit tL. 

GUIDE TO INDEXING AND PRfiCIS WRITING. By W. J. Weston, UJL. B.Sc. 

(Lend.), and E. BowtCER. In crown Svo, doth, zxo pp. ... Net 8^ 

INDEXING AND nASCIS WRITING. By A. J. LAWfORD Jokes. In crown Svo, t 

^ dMh, 144 PP- ■ _A.^ . Net 8/6 

' EXEROZSEi AND ANSWERS IN INDEXING AND PERaS WRITING. By W. J. 

WitloK, M.A.I B.Sc.,(L(md.). In crown Svo, doth, X44 pp.. . . Net 8/6 


4 













ENGLISH AND COMMERCIAL CORRESPONDENCE 


FIRST FIEFS K COUHEROIAL ENGLISH. By W. J. Westom, M.A., B.Sc. (Lond.). 

la ctowD 8vo, limp cloth, 8o pp.Nit 

FIRST STEPS IN BUSINESS LETTER WRIUNG. By Fred Hall, H.A., B.Com., 

F.CJ.S.,etc. Id Aowa 8v^Umpcloth^Sopp..Nit 

GUIDE ICO COIDCERCIAL OORBESPON^CE AND BUSINESS COMPOSITION. 
By W. J. Weston, B.Sc. (Load.). In crown 8vo, cloth, 156 pp.,mth many 
facsimile commercial documents. 


MANUAL Of COHMERCZAL ENGLISH. By Walter Shawcross, B.A. locludlag 
* C^poAion and Pr&:is Wntmg. la crown 8vo, cloth gilt, 234 pp. . . Net 

BOW TO TEACH COMMERCIAL ENGLISH. By Walter Suawcrosi, B.A. in 

crown 8vo, cloth gilt, 160 pp.Net 

COMMERCIAL CORRESPONDENCE AND COMMERCIAL ENGLISH. In crown 8vo, 

cloth, 272 pp . 

Ttnc CORRESPONDENCE OF COMMERCE. By A. Risdon Palwer, B.Sa, B.A. 

In demy »vo, cloth, 150 pp.Net 

FRINGIPLBS AND FRACIiuE OF COMMERCIAL CORRESPONDENCE. By J. 

STKrasNSON, M.A., M.Coin., B.Sc. In demy 8vo, 320 pp. . . . hv<c 

ENGLISH MEBCANTILB CORRESPONDiMCE. In crown 8vo, cloth gilt, 260 pp. Net 
FIRST STEPS IN BUSINESS COMPOSmOH. Edited by R. W. Holland, M.A., 

M.Sc., LL.D. In crown 8vo, limp cloth, 80 pp.Net 

EMGLZSH COMPOSITION AND COBiteSPONDENCE. By J. F. Datis, D.Lit., H.A., 

LL.B. (Lond.). In crown S vo, c loth, 118 pp. ...... Net 

A GUIDE TO ENGLISH COMPOSITION. By the Rev. J. H. Bacon. 112 pp. Duxeen 

Net 

ENGLISH GRAMMAR. New EditioQ, Revised and Enlarged by C. D. Ponciiaku, 
B A. (Lond.). In crown Svo, cloth, 14a pp. . . . .1. . Nit 

ENGLISH ORAMKAB AND COMPOSIl^. By W. J. Werton, M.A.. B.Sc. 

(Loud.). In crown Svo, cloth, 320 pp... . Net 

ENGLISH FRO^ COMPOSITION. By W. J. Weston, M.A., B.Sc. In crown Svo, 
cloth, 224 pp ........... Net 

SELF'HEUP EXERCISES 0 ! ENGLISH (Reform Method). In crown Svo, limp 

cloth, 80 pp. . . . ..Net 

BOTES Of LESSONS ON ENGLISH. In crown Svo, cloth, 208 pp. . . Net 

rONOITATlON AS A MEANS OF EXPRESSION. By A. E. Lovsil, M.A. In 
jrown 8vo, cloth, 80 pp..Net 

y (S» ciTO se»tob, pa*.,) 

STUDIES IN ELOClmOH. Bv E. M. Corbould {Mrs. Mark Robinson). With over 
100 selection! for Reciters atJ Readers. In crown 8 vo, cloth gilt, *70 PP Hot 
POCKET DlCmOHARY. Roy® 5 »n. by 3 »«•, cloth gilt, 36* P^ • .Net 
COMMERCIAL DIOTIONABY. lo foolscap 8vo, paper boards, 19a pp. . . Net 
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COMMERCIAL GEOGRAPHY AND HISTORY 

• 

FIRST STEFS IN COMMERCIAL GEOGRAPHY. By James Stephenson, M.A., 

B.Com. Tber'> are 16 maps and diagrams mcludcd. In crown Svo, cloth, 

80 pp. HM 1/6 

wm World and ns COMHKCE. in crown Svo, cloth, 128 pp., with 34 maps . 

Net ye 

THE OiEMENTS OF COMMERCIAL GEOGRAPHY. By C. H. Grant, M.Sc.. 

F.R^et.Soc. Ill crown dvo, cl oth, 140 pp. ..Net i/S 

OOWt^KlML GEOGRAPHY OF THE BBmSH ISLES. In oown Svo, cloth, 

130 pp., with 34 coloured maps and plates, three black andDwhito maps, and 

other illustrations . . ..Net 2/6 

OOMMEBCIAL GEOGR APHY OF TEE BRITISH EMPIRE ABROAD AND 
FOBJQGN countries. In crown Svo, doth, 205 pp., with 35 coloured maps 
and plates, i r black and srfiit e map s, and wid-papcr maps . , .Net 8/- 

nnigimRfflAT. GEOGRAPHY OF THE WOBUX In crown Svo, doth, 330 PP** with 

about 00 maps and plates.Net 4/6 

examination NOTES ON COMMERCIAL GEOGRAPHY. By W. P. Rcttsr, 

M.Coni. Ske I n. by 3I in., doth, tao pp... N 4 y- 

EOC^MIO geography. {Sm ^ Economics ” page 6) 

the elements of OOMMEBCIAL HUSTORY. By Fred Hall, M.A., B.Com., 

F,C.I.S. In crown Svo, doth. pp.N« yS 
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COHHERCUli HISTORt. By J. R. V. Marchant, M.A. Id crown 8vo, cloth 

gill, 272 pp . Net 6/8 

PRINCIPLKS OF COUMERaAL EIBTORY. Dy J. STBruENSON, M.A., M.Com.,B Sc. 

In demy 8v(>, cloth, 279 pp... Net 7/6 

EOONOKXC HISTORY. “ Economics ” below.) 


ECONOMICS » 

TEE ELEMENTS OF POLITICAL ECONOMY. By H. Hall, B.A. In crown 8v(f« 

cloih, 140 pp.Not 2/8 

GUIDE TO POUTICAl ECONOMY. By F.H. Spencer. D.Sc.,LL.B. In crown 8vo, 

cloth gilt, 232 pp.., Net 3/6 

OUTLINES OP TOE EOONOMIO HISTORY OF ENGLAND: A Study in Social 
Derelopment. By H. 0 . Meredith, M.A., M.Com. In demy 8vu, cloth gilt, 

376 pp.Net 7/8 

ECONOMIC OTOGRAFHY. By John McFarlame, MA., M.Coni. In demy 8vo, 

_cloth gilt, sM pp., 18 illnstratioQs.Net 10/8 

TEE HISTORY AND ECONOMICS OF TRANSPORT. By A. W. Kirkaldy, M.A., 

B.Litt. (Oxford), M.Com. (Birm.), and A. Dudley Evans, in demy 8vo, 

cloth gilt, 375 pp. .Net J6/- 

TBE ECONOMICS OF TELEGRAPHS AND TELEPHONES. By John Lee, M.A. 

In crown 8vo, cloth gilt, 92 pp.Net 2/6 

ISDUSTOY AND FZMANUB. (Supplementary Tohune.) Edited by A. \V. Kirk vlkv 

M.A., B.Dtt. M.Com. In dcniv 8vo. cloth, 180 nr. . Net 5 /- 

LABOUR, CAPITAL AND FINANCE. By “Spectator” (W. W. Wall, F., 1 . 1 .. 

F.S.S.), In crown 8vo, cloth, 127 pp.Net 3/6 

OUTLINES OF LOCAL GOVERNMENT. By John J. Clakkr, M.A., F.S.S. In 

crown 8vo, 1 61 pd.. r-ipcr barrJs.Net 2/6 

OUTLINES OF CENTRAL QOVEIRNMENT. By the same Author. In crown 8vo. 

117 pp. Net 1/6 

OUTLINES OT' INDUSTRIAL AND SOCIAL ECONOMICS. By the sajno \uthor 

_In crown 8vo, 1 (® pp..Net 1/8 

THE HOUSING PROBLlilM. By J. J. Clarkk, M.A., F.S.S. In demy 8vo, cloth, 

S40TO. . ...Nrt 21 /-- 

VALUE lk)R MONEY By Sir Wu. Schooling, K.B.E. lo croum 8vo, cloth 

160 PP . Net 2/6 

TALKS WITH WORKERS. Tn crown 8vo, limp cloth,.Net 2 /- 

DICnONARY OF ECONOMIC AND BANKING TERMS. By W. J. Weston, M.A., 

B.Sc., and A. Crew. In crown 8vo, doth, 166 pp. . . . . Net 5 /- 


BANKING AND FINANCE 

THE ELEMENTS OF BANKING. ByJ.P. Gahov. In crown 8 vo, cloth, 140 pp. Net 2/8 
BANK ORGANIZATION, MANAGEMENT. AND ACCOUNTS.^ By J. F. Davis, M.A. 

D.Lit., LL.B. (I/md.) In d emy 8 vo, cloth gilt, t6s pp., with forms . Net 6/- 

MOIIEY, EXCHANGE, AND BANKING. Xu their PracticeX Theereticai, and Legal 
Aspeetl. By H. T. Easton, A.I.B. Second Edition, Revised. In demy 8vo, 

cloth, 3t2 pp;...Net 6/- 

PRACnCAL BANKING. Bv ?. F. G. Baoshsw. With rhaptors on The Principles 
of Carcenoy. hy C. F. HANNAfoim, A.I.B., and Bank Book-keeping, by 
PtARD. In deinv 8vo, cloth gilt, about 400 pp. . • « • • . Ret 7/8 

BANKERS* SECURITIES AGAINST ADVANCES. By La^ence A. Fogg, 

Cert. A.l.B. In demy 8vo, cloth gilt, 123 pp.Net 6/- 

BANEERS* ADVANCES. By F. R. Stead. Edited by Sir John Paget, K.C. In 

demy 8vo, cloth, 144 pp... . . Net 6/- 

FOEEIGN EXCHANQI^ A PRIMER OF. By W. F. Spacing. In crown 8vo., 

cloth, 108 pp. . ......... Net 3/6 

FOREIGN EXCHANGE AND FOREIGN BELS IN THEORY AND IN PRACTICE By 

W. F. Spauhng. Cert. A.I.B. In dfray 8vn, cloth gilt, 227 pp- . . Nfet, 7/8 

EASTERN EXCHANC^ By W. F. Spalding. In demy 8vu, duUi, 375 j>d., 

illustrated. Thir d tuition.Net 16 /- 

TALKS ON BANEINQ TO BANE CLERKS. By H. £. Evans, In crown hvo, 

cloth, 152 pp.. Net 2/8 

SIMPLE INTERhiST TABLES. By Sir William Schooling, K.B.E. Id crown 4to, 

cloth gilt. 188 pp.Net 21 /- 

DXenONARY OF BANKING. A Complete Eucyolopaodia ol Bankin'^ Law and. 
Practice. By W. 1 'homson and Lloyd CiiKi'»riAN. Third Edition, Revised and 
Enkrg^. In crown 4to, half leather gilt, 041 pp.Net 30 /- 

NOTES ON BANKING AND COMMERCIAL LAW. By T. Lloyd IXavies. lu t 

fcap |vo, 100 pp. .Net 8/“ 

ntLB DTO8> AND THE RUDIMENTS OF REAL PROPERTY LAW. By V. K. 

Snuo. In crown 8vo cloth, 151 pp..Net ft/- 



















INSURANCE 

THE PRINC^LES OF INSURANCE. By J. ALruo £kb. Iq erowQ 8vo, clotb, 

iM» pw. mm 

1 N 8 URAN<^ By T. E. Young, B.A., F.R.A.S. A complete and practical expositioQ. 

With sectioHb on Workmen’s Compensation Insurance, by W. R. Strong, F.I.A., 
and The National Tiisuranc^Scheine, by Vyvyah Mark, F.F.A., F.lJk. Third 
Editjoij- Revised and iinlarged. In demy 8vo, cloth gilt, 440 pp. . . Net 10/8 

GUIDE TO LIFE ASSURANCE. By S. G. Leigh, F.I.A. In crown 8vo, clotb gilt. 

102 PP. . . . Net 8/- 

INSURANCE OFFICE ORGANIZATION. HANAGEIIZNT. AND ACCOUNTS. By 

‘ T. E. YfiuNG, B.A., h.R.A.S., and Richard Masters, A.C.A. Second Edition, 

Revised, In demy 8vo, cloth gilt, 146 pp.. . Nek 8/- 

GUIDE TO UASINE INSURANCE. By Henry Keats. Is crown 8vo, cloth gilt. 

20^ PP.N« a/6 

TEE PRINCIPLES OF MARINE LAW. (Sm p. 10.) 

TALKS ON INSURANCE LAW. By J. A. Watson, B.Sc., LL.B. In crown 8vo, clotb, 

140 pp.Net 8/- 

SHIPPING 

SHIPPING. Pv A. Halt, and F. Hevwood. In crown 8vo, clotb, 136 pp. . Net 8/6 
SHIFFING OFnCE ORGANIZATION. MANAGEMENT, AND ACCOUNTS. By 

_Alfred Calvert, in dmiv Svo, cloth gilt, 203 pp.NiA 6/" 

THE EXPORTER'S HANDBOOK AND GLOSSARt. By F. M. Dudensv. With 

Foreword bv W’. Kolington. In demv Rvo, cloth gilt, 254 pp. . . Net 8/8 

CONSULAR REQUIREMENTS FOE EXPORTERS AND SHIPPERS TO AIX PARTS 

OF THE WORLD. By J. S. Nowery. In crown 8 vo, cloth, 82 pp. . Net 8^8 
CASfi AND FREIGHT COSTS. The prmciples ot calculation relating to the cost 
o{, and fr‘'ighi on, sea or cummetcial cases. By A. W. E. Crosfislo. In crown 
8vo, cloth, 02 pp..Net 

SECRETARIAL WORK 

HOW TO BECOME A PRIVATE SECRETARY. By J. E. McUchlan. in crown 

8vo, cloth, 120 pp.Net 8/6 

CX)MPANY SECRETARIAL WORK. By E. Martin, F.C.I.S. In crown bvo, 

noth, 154 pp. .Net 2/8 

Goms TO COMPANY SECRETARIAL WORK. By 0 . Oldhah, A.C.I.S. In 

crown 8vo, cloth gilt, 256 pp.. Net 8/6 

GUIDE FOR THE COMPm SECRETARY. By Arthur Cous, F.C.I.S. lUus- 
trated with 76 iacsimile forms. Second Edition, Revised and Enlarged. In 

demy 8vo, cloth gilt, 432 pp.. Net 6/* 

COMPANY SECRETARY’S V^PE MECUM. Edited by P. Tovey, F.C.LS. Pocket 

size, cloth. 270 pp.Net 8/- 

SECRKTARY’S HAITOBOOK. Edited by Herbert B. Blain. In demy 8vo, 

_cloth gilt. 168 pp.Net 8/“ 

THE CHAIRMAN'S MANUAL. By Glrdon Paun, of Gray’s Inn, BarrisUr-at'Laa, 

and ERNF.ST Martin, F.C.LS. In crown 8vo, cloth gilt, 102 pp. . , Nrt 1 ^' 

PBOSPECrrUSES: HOW TO READ AND UNDERSTAND THEM. By Phiup 

F.C.LS. I n dem y 8vn, clot h gilt, 109 pp . . ._, Net 8/~ 

OUTLINES OF TRANSRR PROCEDURE IN CONNECTION WITH STOO% 
SHARES, AND DEBENTURES OF JOINT STOCK COMPANIES. By F. D. 

Head, B.A. (Oxon), of Lincoln's Inn, Bamstef'Oi-Law. In demy 8vo, cloth 

gilt, ..Nat 1^6 

WHAT IS VALUE OF AiBHARE P By D. W. RoasiTER. la demy 8vo, limp 

cloth, 30 pp. . Ntf 8/8 

£K)W TO TaKE klNuTES. Edited by E. Martin, F.C.I.S. Second Edition, 

En^ged and R vivnl. In demy 8vo, cloth, ri6 pp.Net 2/6 

DICTKwARY OF SECRETARIAL LAW AND PRaCTK^ A comprehensive Ency¬ 
clopaedia of miormalion and direction on all matters coQnect|d with the work of 
a Company Secretary. Fully illustrated with the necessary fonns and documents. 

With sections on sp^ial branches of Sea:etahal Work. With contributions by 
nearly 40 eminent authorities. Edited by Pkilit Tovey, F.C.LS. la one vol., 
balf leather gilt, loii Third Edition, Revised and Enlarged • . Nrt tt/- 

FACSIMXLE COMPANY f6rMS. (Sm p. 4.) ^ 

COMPANY ACCOUNTS. (S« p. 3.) 

COMPANY LAW. (Sm p. zi.) 

• INCOME TAX 

PRACnOAL TNCOKE TilX. A Guide to the Preparation of Income Tax Returns, 

By W. E. Snelumg. In aown 8vo, cloth, 136 pp. • . « Nsk 8/8 
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IHOOKETAXATOSIJmTAZmonOE. By W. E. Sniuikg. Fourth Edte 

la demy 8vo, doth gilt, 195 pp..Nd 12/8 

EXCESS PBOniS aoolQilac Excess Mineral Eights) DBTt. and Leries under the 
Munitkms ot War Acts. By W. £. Skelunq. Sixth Edition, Kcvised and 

En larged. In demy 8vo, doth gilt, 516 pp. ..Net gl/- 

SBFEB TAX TABLES. ^G. 0 . Parsohs. DemySvo . . Net 1 /- 

THE ABACUS ♦» IHCOMIS TAX TABLES. By E. J. Hammond, A.C.T.S.. A.L.A.A. 

_Injiown 4 to. *.... Net 2 /- 

THE GORPORAHON PROIITS TAX. By P. D. Leake. In crown 8vo . . NA l/> 

TAXATION ANNUAL, 192 L By W. E. Snelling. In demy 8vo. Cloth gilt, 

1»0 PP.Net 10/8 

INDUSTRIAL ADMINISTRATION ' 

THE PSTCBOXOQY OF UANAOEMENT. By L. M. Gilbreth. In demy dvo, cloth, 

334 PP.Net 7/8 

EKFLOTUENT MANAQEMENT. Compiled and Edited by Daniel Bloomtielo. 

In demy 8vo, doth, 507 pp..Net 8/6 

PROBLEMS OF LABOUR. Compiled and Edited by Daniel Bloomfield. In demy 

8vo, cloth, 434 pp.Net 8/6 

ZATTURES OB BfDUSTEIAL ADMINISTRATION. Edited by B. Muscio. M.A. 

In crown 8vo, cloth, 276 pp.Net 6/- 

INDU8TZUAL CONTROL (Aid>M to ManoIactaTe). By F. M. Law<ion, A.M.I.C.E., 

A.M.I.Mech.E. In demy 8^ cloth, tjo pp..Net S/8 

COMMON SENSE AND LABOUR. By S. Crowthbr. In crown 8vo, 384 pp., 

doth.Net 8/6 

CURRENT SOaAL AND INDUSTRIAL FORCES. Edited by L. D. Edie. In demy 

8vo cloth, ^04 pp.'.Net 12/6 

OUTLINES OF INDUSTBIAL ADHINISTRAnON. By R. 0 . Herford, R T. Hilpacs 

andH .G. Jenkins. In demy 8vo . doth.Net 8/- 

MODEKN INDUSTRIAL MOTESlENTS. Edited by D. Bloomfield. In demy Svp, 

doth, pp .Net 10/8 

HANAOEHENT. By J. Lee. In crown 8vo, doth.Net W* 

BUSINESS ORGANIZATION AND MANAGEMENT 

OFFICE OROANIZATION AND MANAGEMENT. INCLUDING SECRETARIAL 
WORK. By Lawrence R. Dickseb, M.Com., I'.C.A., and H. £. Blain. 

Fourth Edition, Revised. In dnmy 8vo, cloth gilt. 114 pp. . . . Net 10/6 

HUNICIPAI OFHCE ORGANISATION AND MANAGEMENT. Edited by W. 
Bateson, A.CJt., F.S.A.A. In crown 4 to, half leather gilt, with 250 forms, 

diagrams, etc., 503 pp..Net 26 /- 

COUNTDfO>BOUSE AND FACTORY ORGANIZATION. By ]. Qilmoue Wiluamson. 

In demy 6vo, cloth gilt, 182 pp.. . Net 7/6 

SOUGCrOBS* OFnCB ORGANIZATIOR, MANAGEMENT. AND ACCOUNTS. By 
E. A. Cope and H. W. H. Robins. In demy 8vo, doth gilt, 176 pp., wiw 

numerous forms.Net 8/~ 

COLLIEBY OFFICE ORGANIZATION AND ACCOUNTS. By J. W. Inmes, F.C.A.. 

and T. Co lin C ampbell, F.CI. In demy 8vu, cloth gilt, 135 pp . . Net 7/6 

CLUBS AND THEER MANAGEMENT. By Francis W. Pixley, F.C.A. Of th 

Middle Temple, Barmier^al'Laiff. In demy 8vo, doth gilt, 248 pp. . . Net 7/6 

DRAPERY BUSINBSS ORGANIZATION. BUNAGEMENT AND ACCOUNTS. By 

J. Ernest Bayley. In demy 8vo, cloth giit, 302 pp.Net 7/6 

grocery business ORGANIZATION AND MANAGEMENT. By C L. T. 
Beeching and J. ARTHtm Smart. Second Editkin. In demy 8vo, 

doth, x6o pp..Net W* 

INDUSTBIAL ITtAITIC MANAGEMENT. By Geo. B. Lis<skdbn. With a 
Foreword by Lord Leverhulme. Sfomd Edition. In demy 8vo, doth 

Smm^bBGANIZATlOF, M^AGimKT AND ACCOUNTS. ( 5 wp. 7 -)' ^ 

INSURANCE OFnOE ORGANIZATION, MANAGEMENT AND ACCOUNTS ( 5 m p. 7.) 

BANK ORGANIZATION AND MANAQEMENT. ( 5 m p. 6.) 

THE CARD INDE X SYSTEM. In crown 8vo, 200 pp. . . *. Net 2/6 

FIUNO SYSTEMS. By £. A. Cope. In crown fivo. doth gilt, 200 pp. Net 6/6 

A MANUAL OF DUPUOATING METHODS. By W. Desborough. In demy 8vo, 
cloth, 90 pp..Nrt 8/- 

ADVERTISINa AND SALESMANSHIP 

IDTXBtIBQNL By Howard Brxpcbwatbr. Id crown 6vo, cloHi, zoo pp. . Net 8/6 

APS, Aim By Hi^sRRT N. Casson. In demy 8vo, doth, t 57 pp. . IM W6 
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ASTERTUAire AS A BOSlXttSS FOBCB. By P. T. Chskinoton. In demy 8vo, 

clotb gilt, 586 PP> ..Het 

TEE HEW BUSINESS. By Harry Tipper. In demy Svo, doth gilt, 406 pp. Net 
TEE CBAFt OF SILENT SALESXANSHIF. A Guide to Advertisement Construction. 

By C. MAanvKLi Tregvrtha and J. W. Brings. Foreword by T. Swinborne 
Shbldrack. Size^ 6) in. by m., cloth, 98 pp., with illustrations . Net 6/- 

TEB P 8 YCB 0 L 06 T OF ADVEOElSINa IN TEEOEY AND FRAOnCE. By W. Dill 

Scoti, Pb.D, In large crown 8vo, doth, with 128 iIlustMtions, 522 pp. . Net lj!^6 

TEE MANUAL OF SUCCESSFUL STOREEEEFINQ. liy W. R. Hotciikin. lu 

demy Svo, cloth, 298 I’p..Net 8/6 

• SAIfSMAlttHlF. By W. A. Corbion and G. E. Grimsdale. 1 q cxowq Svo, cloth, 

x86pp.. . . Net 3/6 

PRACTICAL SALESMANSHIP. By N. C. Fowler, assisted by 29 expert Salesmen, 

etc. In crown Svo, cloth, 337 pp..Net 7/8 

COMMERCIAL TBAVELLINQ. By Albert E. Bull. In crown Svo, cloth gilt, 

170 pp..Net 3/0 

MODERN PUBIiCITY. By A. W. Dean. In crown Svo, doth, 77 pp. . .Net 2/6 


BUSINESS HANDBOOKS AND WORKS OP 
REFERENCE 


BUSINESS HAN’S ENCYCLOPAEDU AND DICnONARY OF COMMERCE. Edited 
by J. A. Slatfr, b.A., LL.B. (Lond.). Assisted by about 50 specialists as con¬ 
tributors. A reliable and comprehensive work of reference on all commercial 
subjects, specially written for the busy merchant, the commercial student, and the 
modem TUctn of affairs. With numerou.s maps, illustrations, facsimile business 
forms and legal documents, diagrams, etc. in 4 vols., large crown 4 to (each 
abwd 450 pp.), cloth gilt. £4 fe. net. 

BUSINESS MAN’S GUIDE. Edited by J. A. Slater, B.A., LL.B. Seve th Edition. 
Revised. In crown 8vo. cloth. 520 pp..N# 


COMMERCIAL ARBITRATIONS. By E. J. Parry, B.Sc., F.I.C., F.C.S. In crown 

8vo, cloth gilt, los pp. Net 

MOTOR TRANSTORXfDR COMMERCIAL PURPOSES. By J. Philliuore. 

lDdcmy8vo,cto'.h,3t6pp. .. Net 

Ttym money and THF ^CE AND SHARE MARKETS. By Emil Davies. 

Id crown bvo, cloth, 124 pp..Net 

THE INVESTOR’S MANUAL. By W. W. Wall, F.S.S., FJ.I. In crown 8vo, 

dotlL 122 pp..N« 

THE EIAoBY, law, AND PRACTICE OF TEE STOCK EXCHANGE. By A. P. 
PoLEY, B.A.. Birrtsa ^- ai ’ Law , and F. H. Carruthers Gould, 0/ tk * Stock 
Exchange . Third Edition, Revised. In demy Svo, cloth gilt, 348 pp. . Net 
DXOTKfflARY OF THE WORLD’S COMMERCIAL PRODUCTS. By J. A. Slater, 
B.A., uIB. (Lond.). Sec^d Edition. In demy Svo, cloth, 170 pp. . Net 
OOMMODHIES OF COMMERCE. By J. A. Slater, B.A.. LL.B. In demy Svo, 

cloth, 160 pp..Net 

D1800UIR. COMMISSION, AND BROKERAGE TABLES. By Ernest Hbayingham. 

Sixe 3 in. by 4i in., cloth, 160 op. .. .Net 

BUSINSS8 T ERM*. PERASES, AND ABBREV 1 ATR)N& FourM Edition, Revised 

and Enlarged. In crown Svo, cloth, 280 pp.Net 

wTOfiaiprn.g «niiBMS AND ABBREVIATIONS. Containing over 1,000 terms 
and 500 abbreviations used in commerce* with definitions. Size 3 in. by 4I in., 
cloth, is6 pp. »•••••••••• Net 

A OOHFLEIS GUIDE TO !nB IMFROVEMENT OF THE MEMORY. By the late 

Rev. J.H. Bacon. In foolscap 8vd, cloth, tiS pp.Net 

n/bEB’S BAXDBOOKS. In crown Svo, cloth, s6o pp. . • • Each Net 

PtMWiT uM Ditpen’ Aoooants. By Rzoiard Bsynon. 

tad iKBUBongea’ AoooontB. By S. W. Francuu 
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COMMON COMMODITIES OF COMMERCE 
AND INDUSTRIES 

In each of the handbooks in this senes a particular product or industry is treated by an 
expert water and practical man of business. licginiinu; wi^ the Iifd history of the plant, 
orother.natural product, he follows its development until it becomes a coinmernal comniodity, 
and so on through the vanous phases of its sale in the u>arket and its purchase oy the 
consumer. 


Each book in crown 8vo, with many illostrationg, 3 s. net. 


TEA 

THE MOTOR INDUSTRY 

SILVER 

COITEB 

THE BOOT AND SHOE 

GOLD 

SUGAR 

INDUSTRY 

FAINTS AND VARNISHES 

OILS 

CLOTHING INDUSTRY 

ELECTRICITY 

WHEAT 

ICE AND COLD STORAGE 

ALUMINIUM 

RUBBER 

ELECTRIC LAMP 

BUTTER AND CHEESE 

IRON AND STEEL 

INDUSTRY 

BRITISH CORN TRADE 

COPPER 

TELEGRAPHY, TELE¬ 

ENGRAVING 

COAL 

PHONY AND WIRELESS 

r.RAn 

TIMBBR 

GAS AND GAS MAKING 

STONES AND QUARRIES 

LEATHER 

FURNITURE 

EXPLOSIVES 

COTTON 

COALTAR 

PERFUMERY 

RTT.g 

PETROLEUM 

GLOVES AND THE GLOVE 

WOOL 

SALT AND THE SALT 

TRADE 

LINEN 

INDUSTRY 

JUTE 

TOBACCO 

KNITTED FABRICS 

THE FILM INDUSTRY 

CLAYS AND CLAY 

zme 

THE CYCLE INDUSTRY 

PRODUCTS 

CORDAGE AND CORDAGE 

DRUGS IK COMMERCE 

PAPER 

HEMP AND FIBRES 

COTTON SPINNING 

SOAP 

CARPETS 

SULPHUR 

GLASS AND GLASS 

ASBESTOS 

IRONFOUNDING 

MAKING 

PHOTOGRAPHY 

TEXTILE BLEACHING 

GUMS AND RESINS 

ACIDS AND ALKALIS 



LAW 

THE ELEUENTS OF COHKERCIil LAW. By A. H. Douglas, LLB. (I.ond.). 

In (Sown 8vo, cloth, 128 pp.Net 8/8 

THE COBCMERCIAL LAW OF ENGLAND. By J. A. Slater, B.A., LL.B. (Lond.). 

In crown 8vo, cloth, 252 pp. Si-vcnth lidition.Net 3/8 

THE LAW OF OOKTRAOI. By R. W. Holland, M.A., M.Sc./l’LL.D., o! the Middle 

Temple, Barrtsler-at'Law. in demy 8vo, cloth. t20 pp. , . . Net 6/- 

EZAIONATXON NOTES ON COMMERCIAL LAW. By K. W. Holland, O.B.E.. 

M.A., M.Sc., LL.D. Cloth, (t^ in. by 3I in., 5(> pp. .... Net 2/6 

ELEMENTARY LAW. By E. A. Cope. In crown 8vo, cloth, 228 pp.. . Net 8/8 

LEGAL TERMS, PHRASES, AND ABBREVUTIONS. By £. A. Copr. Tliird 

Edition. In crown 8v<> . clo th, 216 pp..N^ 8/- 

SOLICITOR’S CLERK’S GTHDE By the same Author. In uown Svo, cloffi 

flit, 216 pp... Net 4/- 

CON VEYANCI NQ. By E. A. Cope. In c rown Svo, cloth, 206 pp. . . Net 8/6 

WILLS, EQCUTOR^ AND TRUSTEES. With a Chapter on Intestacy. By 

J. A. Slater, B.A., LL.B. (Loud.). In foolscap Svo, cloth, 122 pp. . Net 8/6 

THE LAW RELATING TO TRADE CUSTOMS, MARKS. SSeRETS, RESTRAINTS, 
AGENCIES, etc., etc. By Lawrence Duckworth, Bamster-ai-Law. In 

f ofji scap Svo, cloth, 116 pp. .Ret 1/8 

MERCANTILE LAW. By J. A. Sz.atkr, F.A., LL.B. (Lond.). In demy Svo, clot)^ 

gilt , 464 pp. Fourth Edition.Net 7/8 

gffjTg, CHEQUES, AND Xt^TES. By J. A. Slater, B.A,, LL.B. Third Edition. 

I n dem y Svo, cloth gilt, 214 pp.Net 8/- 

P8INCXFLES OF MARINE LAW. By Lawrence Duckworth. Third Edition, 

Revised and Enlai^d. In demv Svo. cloth gilt, 400 pp. . . *, Net 7/8 

PAECTEBSHIP MW ASD AOCOUSlS By R. W. Hoiiami, O.Ii.U., M.A., M.Sc., 

LLP. In demv 8vo, 159 pp.Net 6/- 

OUIiiZNES OF COMPANY LAW. By F. D. Head, B.A. (Oxon.). Jn demy Svo, 

cloth, 100 pp. . '.Not 2/6 

GUIDE JO COMPANY LAW. By R. W. Holland, O.B.F; . M.A.. M.Sc.. LLD. In • 

y crown‘Svo, cloth gilt, 201 pp. Net 3/6 

EXAMINATWN NOTES ON.COSCPANY LAW. By R. W. JIo/.i a\p. (XB.E., M.A . 

M.Sc.,lJL.D. Cloth, size 6| X si, 74 pp. . . . . . Ifet 8/8 
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COUFANIsi AHD COMFAKT LAW. Tn^cther with th<> Companies (Consolidati(a> 

Act, 1508, arid the Act ot 1913. By A. C. CoMKEtL, LL.B. (Lond.). SecMjd 
Editiwi, Revised. In demy 8vo, doth gilt, 348 pp. .... Nit 8 /' 

COMPANY CASE LAW. A digest oi leading decisions. B7F.D.HBAi>,B.A.(Oxon.). 

lu demy 8vo, cloth gilt, 314 pp. • Nit 7/8 

GUIDE TO RAILWAY,LAW. By Abthor E. Chapman, M.A., LL.D. (Camb.). In 

aown 8vo, cloth gilt, aoog^.Hel 2/9 

RAHWAY (REBATES) CASE LAW. By Gko. B. Lissendsn. In demy 8vo, 

doth gilt, 450 pp.Net 10/8 

THE LAW REUTDSG TO SECRET COMMISSIONS AND BRIBES (CHRI 3 THA 1 

BOXE^QRATOrnES, UPS, By Albert CRhw, /-ate. With 

American Notes by Morten (i Macdonalu, LL.B. In demy 8vo, clotli gilt, 

l‘*8pp.Net 10/6 

INHABITED HOUSE DUTY. By W. E. Smelling. In demy 8 vo, cloth giU, 357 PP. 

Net 12/3 

THE LAW RELATING TO THE CARRIAGE BY LAND OP PASSENGERS. 
ANIMALS. AND GOODS. By S. \V. Claree, of ih« MuUle Tempk, Barnstcr' 

ai’ljm. In demy 8vo, cloth gilt, 350 pp..Net 7/8 

GUIDE TO BANKRUPTCY LAW AND WINDING UP OF COMPANIES. By 
F. Porter Fausset, B.A., LL.B., Bwnnster-al'Lm. In crown »vo, cloth 

gilt, 196 pp, ..Net 8/6 

BANKRUPTCY. DES)S OP AREANGEMENT AND BILLS OP SALE. By W. 
Valentine Ball, M.A., Fourth Edition, Rc\ised and 

Fularged. In demv 8vo, cloth gill, 394 pp..Net 18/6 

guide to the LAW OF LICENSING. Hie HandbooK for all Licence Holders. 

Ty J. Wtlls Thatcher. In demy 8 vo, cloth gilt, 196 pp. . . . Net 5 /" 

LAW OF REPAtRS AND DILAPIDATIONS. A Handbook for Students and Prac- 
lUumers. By T. Cato Worseold, M.A., LL.l>, in crown 8vo, cloth giU, 

104 pp. ............ Net 8/6 

THE LAW RELATING TO THE CHILD: ITS PROTECmON, EDUCATION, AND 
EMPLOYMENT. By R. W. Holland, O.B.K., M.A., M.Sc., LL.i>. In demy 
8vo, cloth gdi, 166 pp. ......... Nji 


FOREIGN LANGUAGES 


FRENCH 


FRENCH COURSE. Part L In crown 8vo, 120 pp., limp doth . . Net 

PROGRESSIVE FRENCH GRAMMAR. By Dr. F. A. Hedgcock, M.A. . Net 

(Alsu in 2 vots.: Part I, ^6 net; Part H, W- net) 

Key.Net 

EASY HRENCH CONVERSATIONAL SENTENCES. In crown 8vo, 32 pp. . Net 
ADVANCED FRENCH CQRVEBSATIONAL EXERCISES. In crown 6vo, 32 pp. Net 
TOURISTS’ VADE HECUM OF FRENCH COLLOQUIAL OONVEBSAnON. Handy 

size for the pocket. cUth.Net 

FRENCH VOCABULARIES ^ IDIOMATIC PHRASES. By E. J. Ksaley, B.A. 

In rr-'wn 8vo, 151 pp.Net 

graduated LESSONS IN COMMERCIAL FRENCH. By F. Marsdfn. In crown 

8 \*> cloth, ISO r*'* • • • *. 

FBENCH-ENQLXSB and ENGLISH’FRENCH COMMERCIAL DICTIONARY. By 
F. \V. Smith. In crown 8vo, doth, 576 Pp. • . . • . . . Hit 

COMBIEECUL FRENCH GRAMMAR. By F. W. M. Draper, M.A., B, As L. In 
crown 8v^ doth gdt, 166 pp. , . . . _. . . .Net 

RAPID METHOD OP SIMPLIFIED FRENCH CONVERSATION. By V. F. 

HiBBBRD. In crown 8vo, doth, 192 pp.Net 

GRADUATED FRENCH ENGLISH COMMERCIAL CORBESPOKDEKOE. By 

Maurice Dbnevr. Incrown 8v^, iho pp.Net 

pfENCH BUSINESS LETTERS. First Series. In crown 4I0, 32 pp. . . Net 

FRENCH BUSINESS LETTERS. By A. H. Bsrnaardt. Second Scries. In 
crown 8vo, 48 pp. .. Set 
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OOMSEBCUL OOBBESFOIIDEIIOKII rBTOOa In crown 8vo, cloUi, S40 ppa^RM 
MERC AHtIlE OOKBESFONDKH CDBL Enrlub'Frcnch. In crown 8vo, cloth 25000. Nat 
MODELS SID EXEBCISES IN COMMEKOUL FHENOE. By E. x! Gurpinis, H.A. 

In crown 8vo, cloth, 180 pp.. Net 

raSNCH COXKE&CXAL PHRASES AND ABBREVIATIONS WITH TRANSLATION. 

In crown 8vo, 52 pp, . 

PSISCH BOSMESS OOHVESBiTIONS AID UTESVIEWS.’ In avm 'syo. So do.', 

liiM cloth . .... . . . 21^ 

READINQS IN OOHMERCIAL FRENCH With Notes and I^ansiatkms in Kngiiaw, 

Ia*crown 8vo, cloth, 90 pp. ..Net 

FRENCH COMMiiiRCIAL READER In crown 8vo, cloth, 208 pp. . Nat 
EHOLISH-FRENCH and I^CH-ENOLlSEDIOnOIlART OF BUSINESS WORDS 
AND imRMS. Size 2 in. by 6 in., d oth, rnund^ comers, 5+0 pp. . . • Net 

FRENCH FOUNDATION BOOK OF VERBS, ACCIDENCE, AND SVNTAX. By F. A. 

Hed gcock, M.A. In crown 8vo, 90 pp. . Net 

VEST POCKET LIST OF ENDINQ8 OF FRENCH REGULAR AND AUXILIARY 
VERBS. With Notes on the Participles and the InAnitive. Size zlin. by il in. 
48 pp..Net 


GEBHAR 

G ERMAN COURSE. Part L 9 d. net Cloth.Net 

A HEW GERMAN GRAMMAR. By John Keegak, M.A. In crown 8vo, doth, 

FRA’^&OlilMAi GRAMMAR In crown Svo, 102 pp. ■ . . . ci?^ 

EASY LESSONS IN GERMAN. By J. Bithell, M.A. In crown Svo, cloth, 

116 pp. . ;...Net 

EASY GERMAN CONVE RSATIO NAL SENTENCES. In crown Svo, 52 pp. . Net 
ADVANCED GERMAN CONVERSATIONAL E 2 XRCISES. In crown 8vo, 32 pp. Net 
TOURISTS* VADE MECUM OF GERMAN COLLOQUIAL CONVERSATION. In 

crown Svo, doth.Nrt 

EXAMINATION NOTES ON GERMAN. By A. Hargreaves, M.A., Ph.D. Qotb, 

bjin by aiin-, 56PP.Net 

GERMAN EXAMDIATIQN PAPERS WITH MODEL ANSWERS. In crown Svo, 

COMMERCIAL GERMAN flRAMMAR. By J. Bithbll, M.A. In crown Svo, cloth 

pit, 182 pp. .. Net 

GERMAN BUSINESS INTERVIEWS, Noe. 1 aod 2 . Each in crown Svo, limp doth. 

No. 1, 100 pp.; No. 2,74 pp.Net 

EZEMENTARY GERMAN CORRESPONDENCE. By Lewis Marsh, M.A. In 

crown Svo, cloth, 143 PP. Net 

COMMERCIAL CORRESPONDENCE IN GERMAN. In crown %'o, cloth, 240 pp. Net 
MER fiAWTlLE CORRESPONDENCE. £oglish.(^Rian. In crown Svo, doth, 

GERl^Alf^USlNESS LE TOER S. First Series. In crown Svo, 46 pp. . . Net 

GERMAN BUSINESS LETTERS. By G. Ar. 8 BRS. Second S^ics. in crown Svo, 

48 pp.Net 

GRADUATED QERMAN-ENGZJSH COMMERaAL CORRESPONDENCE. In crown 

8vo, cloth ..NA 

german COMMERCIAL PHRASES. In crown Svo, 32 pp. . f . . Net 
GERMAN COMMERCIAL READER. In crown Svo, cloth, 20S pp. . . Net 
READINGS IN COMMERCIAL GERMAN. With Notes and Translatimis in English. 

In crown Svo cloth, 90 pp. .Net 

ENGUSB-GERMAN and GERHAN-ENGXJSH DICTIONARY GF BUSINESS WORDS 
AND TERMS. Size a in. by 6 in., rounded corners, doth, 440 pp. . , Net 




SPANISH 


EASY SPANISH CONVE E8ATI OHAL SENTENCES. In crown Svo, 32 pp. Net 

ADVANCED SPANISH CONVERSATIONAL EXERCISES. In crown Sv o, 32 pp. Net 
TOURISTS’ VADE MECUM OF SPANISH COLLOQUIAL CONVERSATION. 

Cloth.Net 

EXAMINAXION NOTES 05 SPANISH. By Alfred Calvert. Cloth, 6|ln. by 

5^ in ., 56 pp.Nfit 

' OOlOtERClAL SPANISH GRAMMAR. By C. A. Tolxdamo. In crown Svo, doth 

gilt»230 pp. . Nrt 

Key . Net 
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BF&KISH fSRBB. BAfoIit vaA Irrecalar. By G. R. Macdonuo. Iq crown 8vo, 

cloth, t8opp. He( 

OOmiEBCIAL COBBESTONBENOE DT SPANISH. In crown 8vo, doth, 240 pp. Net 
KANUAL OF SPANISH COMMEBCIAL COBRESPONOENCE. By G. R. 

Macdomau). In rjown 8 vo. cloth gilt, ^28 pp. ..... Hat 

LESSONS IN SPANISH COMMERCIAL CORBESPONDENCE. By the same Author. 

In crown 8vo, cloah, 107 pp. , . ..N6( 

SPANISH COlQQ^liUi 13 SME&. By G. R. Macdonald. In crown 8vo, cloth, 

i 7 ?PP.Net 

READINGS 15 COMMERCIAL SPANISH. With Notes and Translations in English. 

In crown 8vo, clot h, cio p p. Net 

SPANISH BUSINESS LETT^S. First Scries. In crown 8vo, 32 pp. . . Net 

SPANISH WSINESS LEITEBS. By E. McConnell. Second Series. In crown 8va, 

48 pp.Net 

SPANISH COM 9 Q 1 BCIAL PHRASES. With Abbreviations and Translatkn. In 

Clown bvc, 32 pp..Net 

SPANISH BUSINESS CONVERSATIONS AND INTERVIEWS. With Correspondence, 
Invoices, etc. In crown 8vo, Ump clolli, 1x4 pp .... Net 
BFANISB-ENOUSH AND ENOLISB-^ANISH {X}MMEBCIAL DICnONARY. By 
G. R. Macdonald, in crown 8vo, cloth gilt, 833 pp- . . . N(d 

COMMERCIAL AND TECHNICAL TEEMS IN ENGLISH AND SPANISH. By U. D. 

Montkverde, B.A. In crown 8\o,.Net 

SPANISH IDIOMS, with their English EquiTatosti. By the same Author. In crown 
8vo . Net 

ITALIAN 

TOURISTS’ VADE MECUM OF tIALTAN COLLOQUIAL GONVERSATIO& 

Cloth.Net 

COMMERCIAL ITALIAN GRAMMAR. By Luici Riccu In crown 8vo, cloth gilt. 

. 14 PP.Net 

MEROANITLE CORRESPONDENCE. £nglisb>Italian. In crown 8vo, doth, 

2io pp. . ...Net 

IXALIAN BUSINESS ZiE^ERS. By A. Valciuiou. In crown 8vn, 48 pp. . Net 
BARE^’8 DICTIONARY OF THE ITALIAN AND EaiGJlSB LANGUAGES. By 
J. Davenpok 1 Olid G. C0UELAI1. 1 wo volumes. In demy 8vo, cloth gilt, about 
1500 pp.Net 


MISCELLANEOUS 

i^RACTiJAL PORTUGUESE GRAMMAR, By C. A. and A. Toledans. Iu crown 

8vo, <-ioth, 330 PP.Net 

HERCANTXIJS CORRESPONDENCE. English-Portugnese. In crown Svo, cloth, 

Lli 3 SO«^'’iN roKTUQUEA boMUEEciAL COERESPONDENCE. ' By G. K. 

Macdonald. In crown 8vo, loth, 108 pp... Net 

A NEW DICII 0 NAI:Y of the POKTUGUE^ and ENGLISH LANGUAGES. Based 
on a manuscript of Julius Comet, by H. Micuaelis. In two parts, demy 8vo, 

doth gilt, 1478 pp.^ . Each, Net 

Abridged Edition, 783 pp. (two parts In one vohimd .... Net 
DICnOARY OF COMMERCIAL CORRESPONDENCE IN ENGLISH, FRENCH, 
GERMAN, SPANISB; ITALIAN, PORTUGUESE, AND RUSSIAN. Third 

_Revis'd Edition. In de^ 81^ cloth, 718 pp..Net 

TPnn FOREIGN GORRE^FONDUNr. By Eiql Davies. Id crown Svo, cloth, 

8^p.Net 

OOMM^OIAL TERMS IN FIVE LANGUAGES. Being about 1,900 teems and phrases 
used in commerce, with their equivalents m French, German, Spamsh, and 

Italian. Sue 3 in. by 4t in., doth, 118 pp..Met 

IHTEBI^TXONAL TECHNICAL DICTIONARY ^ ENGUSH, ITALIAN. FRENCH, 
AND GERMAN. By £. Webber. In foolscap i6mo., 92X pp., doth . Net 

. PITMAN’S SHORTHAND 

All books are in foolscap Svo size unless otherwise atatad. 

IHSIBUCIION BOOKS 

CenUtuay Ediiions. 

nfillAR *6 SHORTHAND TEACHER, An dementary work suited for self-Lnstructioa 

or dass teaching. 

KEY TO ’’FCTSUH’S SEORTBAND TEACHER ”. 
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FnUAlI’S SHOBTHJUn) PRIHEBB. In three Book'!; ElemeiUarv, Interm^liate, 

and Advanced.Each, tl. Keys, each 

PmUB’S SHOBTBAHD BEADIHO LESSONS. Km. i, a and 3 . . .Each 

KEM TO “PIHIAN’8 SHORTHAND READDiO LESSONS,” No. i and 2 Each 

No. 3 . . . 

PITHAH’S SHORTHAND COPY BOOKS. Nos. i, 2. 3, and 4. An enlircly uew 

series covering tbc theory of the foolscap 4to (8J in. bj oj m.) .Each 

PmAN’S SHORTHAND DRILL EXERCISES. Obloug«. 

COHFHfD OF PITBIAH’S SHORTHAND. 

PPTKAN’S SHORTHAND INSTRUCTOR. Comnlete InstrucUoa in the System. Ooth 

Key. 2/-; cloth 

THE CENTENARY CHINOES IN PmUN'S SHORTHAND. In crown 6vo . 
SUMHABIBS FROU ‘*PIT1IAN^ SHORTHAND INSTRUCTOR.’* Size, *21 in. 
by 4 m. . 

PITHAN’S SHORTHAND MANUAL. Ccmtains instruction in the Intermediate Stvle, 

with too Exercises. 2/8 Cloth 3/-.Key 

PinUN *8 SHORTHAND QRADUS. Writing Exercises in ordinary print for Mawwai 
PITMAN’S SHORTHAND REPORTER. Containing instruction m the Advanced 

Style : with S2 Exercises. 2/6. Cloth Zl- .K*? 

REP<ttTINO EXERCISES. Exercises on all the rules and contracted words. In 
ordinary print, counted for dictation . . . . . • 8d.; Ker 

PITMAN’S SHORTHAND CATECHISM. In crown 8vo . .Net 

PITMAN’S SHORTHAND WRITING EXERCISES AND EXAMINATION TESTS, in 

crown Bvo, paper Ixiards. 2/6.Key 

EXAMINATION NOTES ON PITMAN’S SHORTHAND. By H. W. B. Wilson. 8111. 
by 3| in..doth 

GRADw SHORTHAND READINGS. 

Elemestvy, witit Key. Advanced wttb Key. in crown Svo.oblon'? . . Each 

Intensediate, with Key. First .md Second Senes ..... Each 
GRADUATED TESTS IN PITMAN’S SHORTEL&ND. Illustrating all the rules m the 
Intermediate Style. In note^bouk form, post Bvo (6i in. by 4I ui.), with ruled 
iwiper ...... ■_ ... . . 

PROGRESSIVE STUDIES Df PITMAN’S SHORTHAND. 

TALKS WITH SHORTHAND STUDENTS. By Jaices Hynes 
CHATS ABOUT PITMAN’S ffiORTHAND. By George Bletchkr 
LECTURE nSS ON PITMAN’S SHORTHAND. By }. Hvnes 
PITMAN’S 8K)B1HAND RAPID COURSE. A Sales of Twenty Simple Lessons 
covering the whole of the system and specially adapted for business purposes. In 
crown Bvo. Cloth 3/- ... Ke? 2'6 With Addi tional Exercises 

PITMAN’S SHORTHAND RAPID COURSE. ADDITIONAL EXERCISES ON 
READING EXERCISES (NIRAPED COURSE (in Shorthand), crown Bvo, 62 pp 
PITMAN’S SHORTHAND COMMERCIAL COURSE. Specially adapted »cr com- 
merciaJ students. Qoth 6/- . • • Key, 2/6; Additional Exercises 

PITMAN’S lirgTmrTOT Q m BUSINESS SHORTHAND. A. Benjamin, l.P.S. 
Ulons.), .. 
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GEAMMALOGUES AND CONTRACTIONS 

BBAIOSALOOTIES AND COKTBACnOKS. For ._■ „ ■ . 84 

VEST POCKET LIST OF GEAMMALOGUES AND CONTRACTIONS OP PITMi)[’S 

SHORTHAND, alin. by i| ui., limp doth . . - . ._81 

vnofama qh IBE GRAlDUiLOOUES AND CONTRACTIONS OF PITMAN’S 
SHORTHAND. By J. F. C. Grow. In Shorthaud, wuh Key. In crown Bvo, 

limp doth ..»■•••• _• • ' ‘ 2^ 

BOW TO PRACTISE AND mr.MnRiZE THE GEAMMALOGUES OF PITMAN’S 

SHORTHAND. Compiled by D. J. George. Size yi'n. by 5 ‘o* • • • 6d 

SHOSTHAllD DICTIONARIES 

PlTMAlI’SENGUSHAKfl SHORTHAlIDDICTIOHAAl. In crown 8vo,cloth, 850 pp. 10/- 
PHIlAH’SSHOBTHAIIDDIOnOSAB*. Crown 8vo(7im. by Jim.), 378 pp. QoUi 7/6 
PUMAM’SPOCEKEr SHOBTHAHDDICnOliABY. RoyaJ 33mo ( 3 j In. by.i jp.). Cloth tit 
FUKAH’S BEPOBIEB’8 ASSISIAHT. In crown 8vo, doth . . . . S/- 
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1/6; Cloth 
Each in foolscap 8vo. 
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ElMfaicA] andEnsiQOdrmg, Baitwfty, Estoie Agents, etc.fpriatlaf and Pabliihtai. 
ZuMOUflS, BAkine. Stoocbroklnf and Fisanoial Commeioial, L^al. KonioliMU, 
BulUan and ContraQto^ Shipri&S> Iron and Steel Trades, dvil Snglneerins, 
Nani and Military. Chemical and Disk. Prov;siOB Trade. Drapery. 

MEDICAL REPORTING IN PITMAN’S SHORTHAND. By H. Dickinson. With 
u[i InutxiucU'in and Lists of Phrasccigraius, Outlines, and Abbreviations. In 
crown 8vo. riolh .......... Na» 

SHORTBAND CLERK’S GUIDE. ByViNCKNTE.CoLLtNC5E,A.C.I.S. InMownSvo, 
cloth . . ;.Net 


DICTATION AND SPEED PRACTICE BOOKS 


SPECIAUSED CORRESPONDENCE BOOKS. ( 1 ) The Chemical Trade. ( 2 ) The 
P aper Ttade. ( 3 ) The Building Trade. In ordmaev print . . . Each 

9 rUDE 3 fFS PRACTICE BOOK. In u-uwn 8vu, 241 pp.. 

GRADUATED DICTATION BOOKS. (N. w S‘rie») I .md II. . - . Each 

GRADUATED COMMERCIAL LETTERS FOB DICTATION. 81 in. by 6 ui. . 

REPORTING PRACTICE. In crown 8vo, cloth. 

PROGRESSIVE DICTATOR. Ihinl Kdition. In crown 8vo, cloth 
SHORTHAND CANDIDATE’S DICTATION EXERCISES. In crown 8vo, paper . 

COMMERCIAL DICTATION AND TYPEWRITING. 

SPEED TESTS ANW GUIDE TO RAPID WETTING ZN SHORTHAND. In crown 8vo 
FIVE MINUTE SPEED TESTS. "iHi liitroduciion on Acqu^uion of Speed by 
1 ’. 1‘. Iackson. In crown 8vo, .. 

CUMULATIVE SPELLER AND SHORTHAND VOCABULARY. By CHAatBS £. Suith. 

In crown 8vo, paper boards ........ 

POCKET DICTATION BOOKS. Nos. 1 . 2 . % and 4 . 2i in. bv sf m. . . Each 

.iPEED TRAINING IN PITMAN’S SHORTHAND. By T. F. Makriner 
ACQUISITION OF SPEED IN SHORTHAND. By E. A. Copb. In oniinary print. 

In crown 8vo .. 

BROWN’S SHORT-CUTS ZN SHORTHAND. By George Browv, F.I.P.S. In 


TBB STENOGRAPHIC EXPERT. By W. B. Bottoue and W. P. Smart. In demy 

bvo, cloth... Net 

SHORTHAND COMMERCIAL LETTER-WRITER. Advanced Style . l/i;Ksy 
OinCE WORK IN SHORTHAND. Specimens of Legal and other PriMesaional 
W(-rk cotnnionlv dictati d to Shorthand clerks, in the Advanced Style 1/6; Key 
COMMERCIAL CORRESPONDENCE IN SHORTHAND. In crown Svo, cloth 
BUSINESS CORRESPONDENCE IN SHORTHAND. In the Advanced Style. 1/6: Key 
'»'\dDE CORRESPONDENCE IN SHORTHAND. In the Advanced StvK. 1/8; Key 
iAiSCELiiANEOUS CORRESPONDENCE IN PITMAN’S SHORTHAND. First, 
Sfcoi' i, Thud, and Fourth rjcrioa. Advanced Style, with Keys in ordinary pnnt. 
Eadi lu crown 8v<>, oblong . ........ 


SHI^TIUND BEADING BOOKS 

Is the Elementary Style. 

AESOP’S FABLES. 

EASY READINGS. W’llh Key. 

LEARNER’S SHORTHAND READER. lUustrated. 

SITERING TALES. 

ShUKT STOhlLS . 

PERIl^F THE BUSH AND OTHER STORIES. 

' In the Litermediate Style. 

PITMAN’S PHONOGRAPmO READER, Na t With Key. 

GULLIVER’S VOYAGE TO LUXIPUT. By Jonathan Swift. With Key. Qoth 

SUBMARINE X 7 AND OTHER STORIES. Illustrated. 

THE VICAR O F W AKEFIELD. By Ouver Goldsmith. Illustrated. 2/6: Qoth 
TALES AND SKETCHES. By Washington Irving. With Key. 2/-; Cloth 
TALES OF ADVENTURE. By various Authors 

THE ^AWAY AJRSFD AND OTHER STORIES.. 

T^ Aver ship of Mexico Au abridgment of J. H. Ikcbabam’i story 

Qoth 

SELECT READINGS.W N& L 6d. No. XZ 

THE BOOK OF PSALMS. Bible Authorised Version. Cloth gilt, red rages . 
COMMERCIAL READERS IN SHORTHAND. (1) Commeidal loatitatiaoa, 
CofflfflodlBe''H (3) Leaders of Commerce. (4) Gatewaye ol Brit^ Oomioeioe. 


In Qie Advaimed Style. 
PgONOORAPHIO READER JL With Key 
A VHRISTHAS CAROL. By Cbarles OiCKEite. . 
TALES FROM DICKENS. 
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.Vi; Qoth 
. Cloth 
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THE SIGH C» FOUR. By Sm A. Conah novtt. Ooth 

THE RETURN OF SHERLOCK HOLMES. Vols. 1,11 and UL Clotli . 

AROUND THE WORLD IN EIGHTY DAYS. By Jules Verve . . . . 

SELF-CULTURE. By ?. S. Blackje^^. 1/6; Cloth 

SELECTIONS FROM AMERICAN AUTHORS. With K<'y . 

THE LEGEND OF SLEEPY HOLLOW. By Washinctok Irvimc. With Key 
BTP VAN WINKLE. By Washington Irving. With Key ... 

A COURSE IN BUSINESS TRAINING. ByG. K. Bucknall, A.C.'.S. (Shortho-nd 

EdrtlOO), 2liS PP. . . . r. . . 

SHORTHAND TEACHERS* BOOKS 


PITMAN’S SHORTHAND TEACHER’S HANDBOOK In crown 8vo, cloth . 
NOTES OP LESSONS ON PITMAN’S SHORTHAND. Size 8 in. by 3} m., cloth . 
PREPARATION FOB A SHORTHAND TEACHER’S EXAMSATm. Sue Bin. 

by 3I ill., doth 

A COBQl^ARY ON PITMAN’S SHORTHAND. By J. W. 1 'aylor. In foolscap 

8vo, doth Rilt, 448 pp.. 

THE METHODS OF TEACHING SHORTHAND. By E. J. McNauara, H.A. In 
crown 8vo, doth .......... Nat 

mkWT OF THE PHONOGRAPHIO ALPHABET. 22 in. by 35 in. 

CHARTS ON PriMAK’S SHORTHAND. Twenty large Charts (2210. by 35 in-) 

Bet 

DERIVATIVE AND COMPOUND WORDS IN PITMAN’6 SHORTHAND By H. W. B. 

Wilson. In fooNrap .. 

HZSTORY OF SHORTHAND. By Sir Isaac Pitman. Fourth Edition, Revised. 
In crown 8 vo, cloth . . Net 
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TYPEWRITING 


THE JUNIOR TYP IST. Fv Ann ie E. Davis. Demy 8vo, cloth . . Net 

NEW COURSE IN TYPEWREnKG. By Mrs. Smith Clough. Large post 4to 
PIOLAN’S TYPEWRITER MANUAli. Can be used with auy machine. Sixth 
Edition, ^rge txjst 4to, cloth ......... 

PJXHAN’S TSPEWBITING EXAMPLES for any machine— 

On cards, 48 examples, foolscap folio ■.. . 

In oblong note-book, for standuig by the side of the machine .... 

In note-book form, 10 covers. 

PITMAN’S EZKBDISES AND TESTS IN TYFEWSniNG. Foolscap folio. Quarter 

cloth. Third Ediiion. r evise d.. 

HOW TO TEACH TYFEWRITINQ. By Kats Pickard, B.A. (Loud.). Crown 4to, 

doth.Net 

PRACTICAL COURSE IN TOUCH TYPEWRITINQ. By C. E. Smith. English 
Edition, revis^ a nd en larg i-d. Sue 8^111. by ii in. . . . 

PRACTICAL TOUCH TYPEWRITING CHART. Sue 3010. Dy 40 in* • Net 
REMINGTON TYPEWRITER MANUAL. For Nos. 5 and 7,10 and ix. With Exec- 
ci^ and illustr atiurs . N inlli Edition. Large post 4to . . . Net 

THE UNDERWOOD TYPEWRITER MANUAL. By A. J. Sylvestbr. Large post 
4to . . . .......... Net 

BAR-LOCK TYPEWIHTER MANUAL (Qro^ System of Touch Typewriting). By 

H. Etheridge. Large post 4to .. Net 

ROYAL SOdFTY OF ARTS TYPEWRITING TESTS. By A. E. Moxton. EleAi, 
Inter., add Advano^. Each in foolscap folio .. a. . . Nst 

modern TYPEWRITING AND MANUAL OF OFFICE PROCEDURE. By A. B. 

Morton. 6^ in. by ei in., doth. 

A TYFEWRJnNG CA^CBISM. By Mrs. Smith Cloooh. In large post ato Net 
DICTIONARY IYPBWKIUNG. By H. ETiiSRix>GE. In demy 8vo, doth, fully 

illust rated . . ..Nrt 

HIGH SPEED IK TYFEWRITINQ. By A. M. Kennedy and F. Jarrett. In demv 

<to, 72 pp.._. ^ • • . .r 1 

mechanical DEVICES OF "nTF TYPEWRITER. By R. T. Nicholson, M.A. 
Large post 4to . ^ N^ 
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PERIODICALS 
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